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(57) Abstract 

An automatic welder is used in an internal welder unit (30) which travels along the interior of a pipeline and provides the 
interior weld passes at the junction of abutting pipe joints (32, 33). The internal welder unit (30) has an electronic control system 
which includes a plurality of microprocessor control units (92, 94, 96, 98), each of which performs specific functional operations 
for the internal welder unit (30). The control system directs the operation of orbiting internal welders (140) to have a zero or slow 
travel speed at a start point to ensure a high reliability of arc initiation. After the arc is started, the travel speed of the internal wel- 
ders (140) is accelerated to a high speed rate for the majority of the weld pass. At then end of the weld pass, the welders (140) 
travel rate and wire feed rate are suddenly reduced to zero for the weld termination. 
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METHOD OP OPERATION FOR HIGH 
SPEED AUTOMATIC WELDING 



FIELD OP THE INVENTION 

The present Invention pertains in general to 
welding and in particular to a method of operation for 
automatic welding equipment. 



BACKGROUND OF THE INVENTION 

In the construction of pipelines it is necessary to 
perform welding on the pipeline joints both internally 
and externally. Access is not a problem in performing 
the external weld, but it is a very substantial problem 
in performing the internal weld pass. Since human 
access is impossible in most applications, there have 
been developed automated internal welding machines which 
perform this operation. Such an internal welding 
machine is shown in U.S. Patent No. 3,612,808 to Nelson. 
An internal automatic welder is described in U.S. Patent 
No. 4,525,616 to Slavens. 

Although internal welders are in wide use 
throughout the world in the construction of pipelines, 
these welders have drawbacks which limit their 
productivity and increase the cost of operation. A 
specific limitation in the use of automated welding 
equipment, which is particularly acute for internal 
welders, is the speed at which the welding pass is 
performed. In an internal welding operation it is 
difficult and expensive to make repairs for defective 
welds. It is, therefore, imperative that the equipment 
work properly for a very high percentage of the welding 
operations. This, however, has led to a productivity 
trade-off. At slower travel speeds for the automatic 
welder, there is a higher probability that the arc will 
be struck and properly initiated. If higher traveling 
speeds are selected, the probability of properly 
striking an arc is reduced. Therefore, since 
reliability is of utmost importance, the travel speed of 
automatic internal welders has been set to a relatively 
slow rate to ensure proper arc initiation. However, the 
slow rate required for high reliability arc initiation 
causes the entire weld sequence to be excessively time * 
consuming. Thus, a principal drawback of conventional 



automated welding equipment, and in particular internal 
automated welders, is the slow travel speed necessary 
for high quality welds. 

A further limitation in the use of internal welders 
is the complex and expensive electronic control system 
required to operate the welders. A substantial number 
of mechanical and electrical operations must be carried 
out in using an internal welder machine . These steps 
include moving the machine along the pipeline , properly 
aligning the machine to the end of the pipe joint , 
clamping the machine to one pipe joint and then to a 
next pipe joint, positioning the internal welders to the 
appropriate positions for starting and stopping the weld 
passes, clamping the machine within the pipes, 
initiating welder operation including starting travel of 
the welders, providing feed wire and providing a 
shielding gas. Further, the arc must be constantly 
monitored for each of the welders and provision must be 
made for starting and stopping the welders at 
appropriate locations. Almost all of these functions 
must be initiated, monitored and stopped through 
electronic equipment. However, an internal welder must 
function in a severe environment. It must be used in 
adverse weather conditions with extremes of temperature, 
humidity and exposure to dust and smoke. The unit is 
also subject to extreme physical stresses and rough 
handling. The electronic control system in addition is 
subjected to a harsh electrical environment due to the 
static, transients and high currents produced by arc 
welding. The extremely high current levels used in such 
welding create substantial magnetic fields that can 
affect the operation of electronic components. In 
addition, welding equipment of this nature is often used 
in remote locations and it is difficult to provide 
maintenance and spare parts. Thus, simplicity and a 
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minimum number of parts for the control system is of 
great importance. 

Further , the large number of control operations 
required to operate an internal welder result in the 
creation of a very large cable bundle having numerous 
wires for operating the large number of solenoids, 
switches and other electronic components. A large cable 
bundle of this type can be accommodated in large 
internal welders, but on smaller units, such as 20 inch 
and smaller internal welder units, such a cable bundle 
is very difficult to accommodate. It can interfere with 
the operation of the internal welder unit and is more 
subject to damage in operation. Thus, there is a 
distinct need for an improved electronic control system 
for automated welding operations and in particular, 
there is a need for a more reliable,, less complex and 
physically smaller control system for an internal 
welding machine. 



SUMMARY OP THE INVENTION 

A selected embodiment of the present invention is a 
method for welding together two pipe joint work pieces 
which are butted together and have a gap at the junction 
of the pipe joints. The welding is performed by use of 
a welder which travels along the gap and provides an arc 
through a feed wire which is supplied into the gap. The 
method commences with the step of establishing a start 
point for a weld and a stop point for the weld along the 
gap. The welder is next positioned along the gap at the 
start point. At the start point, there is initiated the 
feeding of an electrode wire into the gap and the 
initiation of the arc in the gap. After the arc has 
been initiated , the travel speed of the welder is 
increased from a first speed at the start point to a 
second travel speed along the gap. Also, after the 
initiation of the arc, the speed of the wire into the 
gap is increased until the wire speed reaches a 
preselected rate. Finally, the welder is moved along 
the gap at the second travel speed toward the stop point 
for the weld. 

In a further aspect of the present invention, the 
travel speed of the welder and wire speed are rapidly 
reduced to zero when the welder reaches the stop point 
of the weld. 

In a still further aspect of the present invention, 
the arc voltage is set to a first voltage at the 
initiation of the arc and the arc voltage is increased 
from this first voltage to a second voltage concurrent 
with the Increase of the welder travel speed from the 
first speed to the second speed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

» 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now 
made to the following description taken in conjunction 
with the accompanying drawings in which: 

FIGURE 1 is an elevation , partially sectioned, view 
of an internal welder carriage for use in conjunction 
with the present invention, 

FIGURE 2 is a elevation view of an internal welder 
which can be used in conjunction with the present 
invention, 

FIGURE 3 is a block diagram illustrating the 
location and interconnection of the electronic 
functional units which make up the control system of the 
present invention, 

FIGURE 4 is a block diagram showing the functional 
units of the control system of the present invention, 
the circuit cards which make up each functional unit, 
the interconnection of the functional units, and control 
panels for two of the functional units, 

FIGURE 5 is an illustration of an internal welder 
front end control panel, as shown in FIGURE 4, 

FIGURE 6 is an illustration of an internal welder 
reach rod control panel, as shown in FIGURE 4, 

FIGURE 7 is a illustration of the operation of 
internal welders used in conjunction with the present 
invention, 

FIGURE 8 is a detailed block diagram for the CPU 
card shown in FIGURE 4, 

FIGURE 9 is a detailed block diagram for the power 
supply card shown in FIGURE 4, 

FIGURE 10 is a detailed block diagram for the panel 
interface card shown in FIGURE 4, 

FIGURE 11 is a detailed block diagram for the 
analog input card shown in FIGURE 4, 
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FIGURE 12 is a detailed block diagram for the 
analog output card shown in FIGURE 4, 

FIGURE 13 is a detailed block diagram for the 
encoder motor card shown in FIGURE 4, 
5 FIGURE 14 is a detailed block diagram for the dual 

emf motor card shown in FIGURE 4, 

FIGURE 15 is a detailed block diagram for the DC 
input card shown in FIGURE 4, 

FIGURE 16 is a detailed block diagram for the DC 
10 output card shown in FIGURE 4, 

FIGURE 17 is a graph illustrating travel speed for 
the internal welder , arc voltage for the weld and wire 
speed, all as functions of internal welder position/ 

FIGURE 18 is a flow diagram illustrating the 
15 initial operation steps for the software in each of the 

CPUs, 

FIGURE 19 is a flow diagram illustrating the 
operation of selecting the application operations for 
each of the CPUs, 
20 FIGURE 20 is a flow diagram illustrating the 

operation of the CPU 1 applications, 

FIGURE 21 is a flow diagram illustrating the 
operation of the CPU 2 applications, 

FIGURE 22 is a flow diagram Illustrating the 
25 operation of the CPU 3 applications, 

FIGURE 23 is a flow diagram illustrating the 
operation of the CPU 4 application, 

FIGURE 24 is a flow diagram illustrating the 
operation of a communication interrupt for any of the 
30 CPUs, 
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FIGURE 25 is a welding system which incorporates 
the present invention and includes an external welder, a 
printer and a hand-held programming unit and a hand- 
training unit, and 

FIGURE 26 is a rack welding system which 
incorporates the present invention and includes a 
plurality of welding stations directed by a common 
control system. 



DETAILED DESCRIPTION OP THE INVENTION 

A sectional view of an internal welder unit 30 as 
used in conjunction with the present invention is 
illustrated in FIGURE 1 . The physical components and 
operation of this unit are described in detail in 
U.S. P.N. 3,612,808 to Nelson which was filed on June 4, 
1969, which patent is incorporated herein by reference. 
FIGURE 2 is an illustration of an internal welder 140 as 
used with the internal welder unit 30. 

A further internal welder which may be used in 
conjunction with the present invention is shown in 
U.S. P.N. 3,632,959 to Nelson et al. which issued on 
January 4, 1972 and is herein incorporated by reference. 

Referring to FIGURE 1, the internal welder unit 30 
is positioned within a pipe joint 32. The unit 30 
includes a drive assembly 34 having a motor 35 for 
driving a drive wheel 36. The drive assembly further 
includes front wheels 38 and a balancing wheel 40. An 
actuator 42 moves the balancing wheel 16 against the top 
interior of the pipe joint 32 . 

A flexible mounting 44 is provided between the 
forward portion of the unit 30 and the drive assembly 34 
to prevent forced misalignment of any components of the 
unit 30 when it is clamped at the end of the pipe joint 
32. The unit 30 further includes a forward clamping 
assembly 52 and a rear clamping assembly 54. These 
assemblies operate respective front and rear shoes of 
the unit 30. A welding assembly 56 is positioned 
between the clamping assembly 52 and 54. The welding 
assembly 56 includes the welding torches, the related 
consumables supply and mechanical operation devices for 
providing a weld between abutting pipe joint 32 and 33. 
The facing ends of the joints 32 and 33 are machined to 
provide a welding gap on both the interior and exterior* 
surfaces. The internal welder 140 , which is part of the 
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assembly 56, for providing the internal weld is 
described in reference to FIGURE 2. 

Aligners 58 are provided to align the internal 
welder unit at the end of the pipe joint 32 before the 
joint 33 is moved into position. A plurality of the 
aligners 58 are provided around the periphery of the 
unit 30. The aligners 58, under pneumatic pressure, 
extend outward and when the internal welder unit 30 is 
moved back into the joint 32, the aligners 58 engage the 
end of the pipe joint 32 thus positioning the internal 
welders in the assembly 56 at the junction of the pipe 
joints 32 and 33. 

The internal welding unit 30 further includes a 
tank 60 which supplies compressed air or other suitable 
gas for actuation of the clamping assemblies 52 and 54 
as well as the actuator 42 and alignment actuators. The 
unit 30 further Includes the tank 62 for providing a 
shielding gas for the welding arc. 

A battery 50 provides electrical power for the 
drive assembly 34 and the electronic control system. 

The electrical power for the arc welding is 
provided through a power cable 64 into the unit 30 and 
wrapped around sheaves 66 and 68 which are tensioned by 
a spring 70 which is connected to a sheave 72. This 
spring arrangement gives relief to tension for the power 
cable 64 and protects it from stress. The power cable 
64 is connected to a manifold block 74 which is in turn 
connected to a welding current bar (not shown) for 
providing welding current to the torches. 

The unit 30 further includes a tubular frame 80 at 
the forward end thereof which serves to protect and 
support the components housed therein. A hollow reach 
rod 82 is connected to one end to the forward end of the 
frame 80 and at the opposite end to a reach rod control* 
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box 84. Shielding gas for the welding arcs is provided 
through the reach rod 82 and stored in the tank 62. 

The internal welder unit 30 includes a distributed 
processing electronic control system which includes a 
plurality of microprocessor control units. These 
include a back end control unit 92 , a front end control 
unit 94 , a reach rod control unit 96 and power control 
unit 98. Each of these control units is connected in 
parallel to a common serial communication link 100. 

A two lead power line 102 is connected to the 
battery 50 to provide power to each of the 
microprocessor control units 92, 94, 96, and 98. 

The unit 30 further includes a plurality of 
internal welders, such is shown in FIGURE 2, that are 
mounted on a rotating ring, described below. The ring 
is driven by a motor 110 which is provided with a 
position encoder 112. The encoder 112 produces a 
digital data signal which indicates relative position of 
the ring, which carries the welding torches. (See FIGURE 
7) 

The power supply control unit 98 is connected to 
control the operation of power supply 104. A 
representative power supply is a model R3S-400 made by 
Lincoln Electric Co. 

The communication protocol for the link 100 is 
termed carrier sense multiple access with collision 
detection (CSMA/CD) and is described in IEEE Standard 
802.3. 

The front end control unit includes a control and 
display panel 118 (see FIGURE 5) and the reach rod 
control box 84 includes a display and control panel 120 
(see FIGURE 6) . 

In the operation of the unit 30, it is necessary to 
set the positions of the internal welders. This is done 
with a hand-held training unit 126 which is connected to 
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the microprocessor control unit 94 before the pipe joint 
33 is set in the position shown so that the operator has 
access to panel 118. The unit 94 includes a display for 
showing the encoder 112 reading. The unit 126 has 
buttons for defining the home, start and stop positions 
for the clockwise and counterclockwise welding passes. 
The operator positions the internal welders to the 
appropriate locations and depresses the corresponding 
button to define a position. These positions , as 
defined by the encoder 112, are stored in the control 
unit 94 and used in the welding operation to define the 
movement of the internal welders. 

Referring now to FIGURE 2 there is shown an 
internal welder 140 which may be used in conjunction 
with the present invention. Note that a detailed 
description of the internal welder construction and 
operation is provided in U.S.P.N. 3,612,808. The welder 
140 includes a cartridge 142 for providing feed wire 144 
as a welding electrode through a tube 146 to a welding 
nozzle 150. 

The feed wire 144 is wrapped about an electrode 
reel 152. The pivoting arm 154 is biased by a spring 
156 against the reel 152 while starting the rotation of 
the reel. 

The nozzle 150 is pivotally mounted on a carriage 
body 158. The welding nozzle 150 is secured to arms 160 
which are mounted by a pin 162 to the body 158. The arm 
160 is further secured by a pin 164 to an arm 166 that 
is connected to an actuator 168. A spring 170 surrounds 
the arm 166. The spring 170 urges the welding nozzle 70 
away from its welding position, and thus it is necessary 
to deliver pressurized gas to the actuator 168 to move 
the nozzle 150 to its welding position. This spring 
retraction is for the purpose of moving the heads into a 
protective position when moving the next pipe joint into 
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position over the assembly 52. The electrode 144 is fed 
to the nozzle 150 by a mechanism which includes a motor 
180 which drives a wheel 182 that is resiliently held 
against a bearing 184. As the wheel 182 is rotated , the 
wire 144 is fed into, the nozzle 150. 

Tubes 186 and 188 provide shielding gas to the 
nozzle 150. 

While an internal welder 140 has been described in 
reference to FIGURE 2. A selected internal welder may 
be used as shown in U.S. Patent Number 4,525,616 to 
Slavens which patent is incorporated herein by 
reference. This internal welder provides an oscillating 
nozzle so that the seam, or gap, between the abutting 
pipe joints can be automatically tracked by monitoring 
the amplitude of the current during the nozzle 
oscillations . 

Referring now to FIGURE 3 there is illustrated a 
schematic, block diagram of the control system for the 
welder 30. Note that each of the microcomputer control 
units 92, 94, 96 and 98 is connected in common to the 
communication link 100. The control unit 98 and welding 
power supply 104 are typically located at a distance in 
excess of 100 feet from the reach rod control unit 96. 

Referring now to FIGURE 4 there is illustrated in 
block diagram form the control system for the unit 30. 
The microprocessor control units 92, 94, 96 and 98 are 
connected in parallel by the communication link 100. 
Power is supplied to the control units through two wire 
power line 102 from the battery 50. This is a twenty- 
four volt line. 

The microprocessor control units 92-98 each contain 
a plurality of printed circuit cards for carrying out 
the required functions at that control unit. Each of 
the control units includes a computer (CPU) card and a • 
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power supply card. The configuration for each of the 
control units is as follows: 



Control 


Unit 92 


1. 


CPU Card 


2. 


Power Supply Card 


3. 


DC Output Card 


4. 


Encoder Motor Card 


Control 


Unit 94 


1. 


CPU Card 


2. 


Power Sunolv Card 


3. 


Panel Interface Card 


4. 


Analog Input Card 


5. 


DC OutDut Card 


6 . 


Dual EMP Motor Card 


7 . 


Dual EMP Motor Card 


8. 


DC Input Card 


Control 


Unit 96 


1 # 


CPU Card 


2. 


Power Supply Card 


3. 


Panel Interface Card 


Control 


Unit 98 


1. 


CPU Card 


2. 


Power Supply Card 


3, 


Analog Output Card 


4. 


DC Output Card 



The printed circuit cards used in the 
microprocessor control units include a CPU card 202 , a 
power supply card 204, a panel interface card 206, an 
analog input card 210, an analog output card 212, an 

30 encoder motor card 214, a dual EMF motor card 216, a DC 

input card 218, and a DC output card 220. 

Each of the CPU cards are connected to the 
communications link 100 through the corresponding power 
card. The power line 102 is connected to the power 

35 supply card 204 for each of the control units. Within 
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each of the control units the cards are interconnected 
by a sixteen bit data/address bus, as further described 
below . 

The microprocessor control unit 92 has an encoder 
motor card 214 which receives a ring encoder output from 
the encoder 112 and provides a drive to the motor 110. 
A DC output card 220 in the control unit 92 has outputs 
for controlling the functions of wheels up, wheels down, 
brake, unit 30 travel forward, unit 30 travel reverse, 
rear shoes expand and rear shoes retract. The control 
unit 94 includes two dual EMF motor cards 216, one of 
which control the clockwise 1 and counterclockwise 1 
wire feed motors and the other of which controls the 
clockwise 2 and counterclockwise 2 wire feed motors for 
the internal welders. A third and fourth dual EMF motor 
card 216 controls the torch oscillator motors, if 
implemented. The DC output card 220 controls the on/off 
functions of clockwise and counterclockwise shielding 
gas supply, aligners 58, and front shoes. A DC input 
card 218 senses the condition of the end of pipe limit 
switch, reach rod buckle limit switch, aligners up limit 
switch and shoe pressure switch. Unit 94 further 
includes an analog input card 210 which senses torch 1 
and torch 2 arc voltage. Unit 94 also includes a panel 
interface card 206, which senses the conditions of the 
switches and push buttons on the control panel 118 and 
drives the seven segment displays. 

Control unit 96 includes a panel interface card 
206, in addition to the CPU card 202 and the power card 
204. 

The control unit 98 includes a DC output card 220 
and an analog output card 212 in addition to the CPU 
card 202 and the power card 204. 

The internal welder control panel 118 is 
illustrated in FIGURE 5. This panel includes a toggle 
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switch 230 which has an up and down position for raising 
and lowering the aligners 58. The toggle switch 232 
further has up and down positions for rear shoes. The 
wheels 34 and 38 are positioned in up and down positions 
5 by respective buttons 234 and 236. 

A toggle switch 238 has on and off positions for 
the brake, which is assembly 48. 

A toggle switch 240 has forward and reverse 
positions for the function of causing travel of the unit 
10 30 through the pipe. 

Panel 118 further includes a display 242 which has 
16 digits and is used to display help messages as well 
as counts from the encoder 112. A toggle switch 244 
supplies either 24 volt or 36 volt power to the motor 
15 35. The 36 volt power source provides extra speed for 

the unit 30 when necessary. 

The presence of power for the system is indicated 
by a bulb 250. 

A wire clear function is provided by depressing a 
20 button 252 which feeds wire from all four torches 

simultaneously . 

Clockwise rotation of the ring 344 (see FIGURE 7) 
is provided by depressing a button 254. 
Counterclockwise rotation of ring 344 is provided by 
25 pressing a button 256. 

The front clamping assembly 52 is activated and 
deactivated by a toggle switch 258. 

A toggle switch 260 turns on and off shielding gas 
for the clockwise internal welders. 
30 A toggle switch 262 turns on and off the shielding 

gas for the counterclockwise internal welders. 

The clockwise number 1 internal welder , unit 340, 
wire feed is provided by depressing a button 266. The 
clockwise internal welder number 2, unit 342, wire feed 
35 is provided by depressing the button 268. The 



counterclockwise wire feed 1 unit, internal welder 338, 
wire feed is provided by depressing a button 270. 
Likewise, the counterclockwise unit 2, internal welder 
336, wire feed is provided by depressing a button 272. 

The buttons 254 and 256 as well as the toggle 
switches 258, 260 and 262 are provided with protective 
covers to prevent inadvertent activation. The functions 
carried out by these buttons and toggle switches are 
needed in a service or maintenance procedure, rather 
than in routine operation. 

The reach rod control panel 120 is illustrated in 
FIGURE 6. A master operation switch 280 controls the 
sequence of steps for each cycle of operation. The 
switch 280 has an off position 282. In a front shoe 
position 284, the switch 280 causes the front shoes to 
be expanded. 

In a position 286, the switch 280 is set to perform 
the clockwise weld operation. The operation is started 
by pressing the weld start button 306. A bulb 288 
indicates when this is in progress. 

In a position 290, the switch 280 is set to perform 
a counterclockwise weld operation. The operation is 
started by pressing the weld start button 306. When 
this operation is in progress, a bulb 290 is 
illuminated . 

In a position 294 , the control switch 280 causes 
the ring 344 (FIGURE 7) to rotate to the home position 
354, which is the position from which the next weld 
cycle will begin. 

A bulb 296 is illuminated to indicate that the ring 
344 has rotated out of the home position. When the 
switch 280 is set to a position 298, the shoes are 
retracted to permit the unit 30 to move along the 
interior of the pipeline. 
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When the switch 280 is at a position 300, the unit 
30 is permitted to travel upon depressing an auto travel 
button 302. Activation of button 302 is indicated by 
bulb 304. 

The clockwise weld position 286 and 
counterclockwise weld position 290 set up the potential 
weld, but the actual weld operations are initiated by 
button 306. 

A hold out button 308, if depressed, stops the 
entire welding operation should a problem be detected by 
an operator. 

The internal welders are caused to undergo a 
clockwise rotation when a button 310 is pressed and 
caused to undergo a counterclockwise rotation when a 
button 312 is depressed, 

A toggle switch 316 is used to disable wire feed 
for CW1 and CCW1 wire feeders during a welding 
operation. Wire feed for CW2 and CCW2 can be disabled 
by toggle switch during a welding operation. The toggle 
switches 316 and 318 are provided with protective covers 
to prevent inadvertent activation. 

A bulb 320 is activated when the contactors in the 
welding power supply have been closed and power is being 
supplied to the welding torches. 

A button 322 is depressed to perform an arc voltage 
test. When this button is depressed, the contactors of 
the welding power supply close and the arc voltages for 
the torches are produced on displays 326 and 328. 

The weld number 1 and weld number 2 arc voltages, 
for each pass, are adjusted by rotating potentiometers 
330 and 332. 

Referring to FIGURE 7 there is illustrated 
schematically the positioning and rotation of the 
internal welders. Internal welders 336, 338, 340 and 342 
are mounted on a drive ring 344. The motor 110 drives 
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the ring 344 and the shaft position of the motor 110 is 
determined by the encoder 112. The position signal of 
the motor encoder 112 is transmitted to the encoder 
motor card 214 in the microcomputer control unit 92. 
This unit likewise produces the control signals for 
driving the motor 110. The motor 110 can drive the ring 
344 in either a clockwise or a counterclockwise 
direction and can drive the ring at varying speeds. 

Positions 346 and 348 define the top dead center 
and the bottom dead center positions on the pipe joint 
32. Positions 350 and 352 define center points between 
the top dead center and bottom dead center points. Home 
location position 354 is defined to be slightly offset 
from the top dead center position. The welders 340 and 
342 are offset 90 degrees from each other, as are the 
welders 336 and 338. However , welders 338 and 340 are 
less than 90 degrees apart. 

There is also provided a mechanical stop 358 to 
open a limit switch on an internal welder if it should 
go beyond the desired stop position. This is a safety 
feature. 

The hand-held unit 126 is used to define the home, 
start and stop positions. This is done while the 
operator has access to the panel 118. Through controls 
at this panel the operator can drive the ring 344 to 
position the internal welders. The operator drives the 
motor 110 to position welder 340 at each of the home, 
start and stop positions and when at the appropriate 
position, presses a corresponding button on the unit 
126. The control unit 92 records each of the positions 
in a file for use in the automatic welding operation. 

Briefly, in operation, the motor 110 drives the 
ring 344. When not welding, the ring is in a position 
so that the welder 340 is at the home position 354. 
The overall welding operation is carried out in two 
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steps. The first step is a clockwise weld pass 
concurrently with welders 340 and 342 followed by a 
second weld pass in a counterclockwise direction using 
welders 336 and 338. It is desirable in this type of 
5 welding configuration to be operating in a downward 

moving direction. 

In the first pass, the welder 340 is initially 
positioned at the home location 354. To begin the 
welding sequence, the gas supply and power supply 

10 contactor are turned on and the ring 344 is rotated to 

align the welder 340 at the start position 346 and the 
welder 342 at the position 352, or to continue the 
motion of the welders past these positions. At this 
location the wire feeders are started in the welders. 

15 An arc is then struck at both of the welders 340 and 

342. When this occurs the drive motor 110 is either 
reactivated or continues to move the welders at a slow 
angular rate. Shortly after initiation of the weld 
pass, the motor 110 is commanded to increase the drive 

20 rate so that the welders 340 and 342 are preceding along 

the weld pass at a high travel speed. As the welder 340 
approaches the point 352 and the welder 342 approaches 
the point 348 the wire feed motor in each of the welders 
340 and 342 is decelerated and the motor 110 is likewise 

25 decelerated to stop the welders at the termination 

positions. Concurrently with this, the gas supply is 
stopped and the contactor at the welding power supply is 
opened to terminate the weld power. 

At this time the welder 338 has rotated to position 

30 356. The sequence described above is repeated in a 

counterclockwise direction to complete the weld pass on 
the left side of the pipe junction. The rates for the 
travel speed, arc voltage and wire speed in accordance 
with the present invention are illustrated in FIGURE 17-. 
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A detailed block diagram for the CPU card 202 is 
illustrated in FIGURE 8. The card 202 includes a 
microprocessor 380 which is preferable a model 80C152 
made by Intel Corporation. The communication link 100, 
which is identified as GSC (Global Serial Channel) is 
connected through an RS485 circuit 382. An RS232 
communication circuit 384 is likewise connection to the 
microprocessor 380 for connection to a hand held 
terminal 920, described below, 

A twenty four volt power input to the card 202 is 
coupled through an optical isolator 386 to a power 
monitor circuit 388. The output of the circuit 388 is 
further connected to the microprocessor 380. A dip 
switch 390 is likewise connected to the microprocessor 
380. 

The CPU card 202 is provided with a parallel 
data/address bus 400 which connects the microprocessor 
380 to a random access memory 402, read only memory 404, 
a triple timer 406, a buffer 408 and a decoder 410. An 
interrupt line 407 extends from the timer 406 to the 
microprocessor 380. An oscillator 409 provides a clock 
signal to the timer 406. The decoder 410 produces a 
group of card select signals on lines 411. The card 
select lines enable one external card at a time to 
communicate with the CPU card via the parallel 
data/address bus 400. An interrupt line 
407 connects timer 406 to the microprocessor 380. 

A group of power lines 412 are provided to the card 
202 for providing plus twenty four volt, plus fifteen 
volt, minus fifteen volt, and plus five volt power. 

A block diagram of the power supply card 204 is 
illustrated in FIGURE 9. The 24 volt power line 102 
from the battery 50 is connected to the card 204 and 
within the card to a low voltage cut-off switch 420. 
The communication link 100, a twisted pair, is connected 
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to the card 204 and likewise extends outward from the 
card for connection to other control units. A further 
connection within the card 204 extends the line 100 to 
the CPU card within the corresponding control unit. 

The power line signal 102 passes through the switch 
420 to a voltage converter 422 which produces five 
volts , plus 15 volts and minus 15 volts and these are 
provided together with the 24 volts from line 102 
through a group of lines 412. These power lines are 
input to all of the other cards within each 
microprocessor control unit. 

The panel interface card 206 is described in FIGURE 
10. The power lines 412 are likewise input to the card 
206 to provide operational power for the card. The 
address bus 400 is also connected to card 206 from the 
CPU card 202. This bus extends to a display driver 430, 
an analog- to-digital converter 432, a latch 434 and a 
latch 436. 

The display driver 430 provides drive lines 430a 
and 430b for producing displays at a panel , such as the 
panels 118 and 120 shown in FIGURES 5 and 6. 

A group of analog input lines 442 from various 
sensors and switches are input to the multiplexer 438 
which routes one of the inputs to the analog-to-digital 
converter 432. The analog signal at one of the input 
lines is then converted to a digital word which is 
transmitted through the bus 400 to the CPU card 202. 

The latch 434 holds the state for a plurality of 
LED outputs. These states are input to a driver 440 
which drives a group of LED output lines 444 that 
activate various ones of the LED lamps , or bulbs, on the 
display panels. The selection of which lamp to 
illuminate is determined by the microprocessor 380 which 
transmits an appropriate command through the bus line 
400 to the latch 434. 
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A group of switch input lines 446 are provided to a 
latch 436 which stores the state of each switch input. 
This is provided as a digital word to the bus 400 and 
transmitted back to the CPU card 202. 

The analog input card 210 is shown in a detailed 
block diagram in FIGURE 11. This card receives the 
power lines 412 and the data/address bus 400. It 
further includes analog input lines 450 and 452. Line 
450 is connected to an isolation amplifier 454 which 
transfers the input to a sample and hold circuit 456. 
Likewise, the signal at input line 452 is transferred 
through an isolation amplifier 458 to a sample and hold 
circuit 460. The outputs from the sample and hold 
circuits 456 and 460 are both provided to a multiplex 
circuit 462 which selectively provides an output to an 
analog- to-digital converter circuit 464. The output 
from the circuit 464 is transmitted through a bus 466 to 
latches 468, 470, 472 and 474. The output of each of 
these four latches is connected to the data/address bus 
400. 

The sequential operation of the sample and hold 
circuits 456 and 460 as well as the multiplex circuit 
462, the analog- to-digital converter 464, and the 
latches 468-474 are controlled by a programmable array 
logic (PAL) circuit 476. Operation of the PAL is 
controlled by commands passed to it via the bus 400 from 
the CPU card. 

In operation, the analog input card 210 receives 
analog signals on each of the input lines 450 and 452. 
These are the arc signals for the respective internal 
welders in operation at one time. These signals are 
sampled by the circuits 456 and 460 and these analog 
samples are alternately provided through the multiplexer 
circuit 462 to the analog-to-digital converter 464 which 
produces a respective digital word for each of the 
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analog samples. These digital words are then stored in 
the latches 468-474 and transferred through the bus 400 
to the CPU card of control unit 94. The CPU transmits 
the values via the GSC communication link 100 to the CPU 
in control unit 98 for the welding power supply. These 
digital words are then converted back to analog signals 
via analog output card 212. The output of card 212 
controls the welding power supply output voltage to 
insure that the required welding voltage is maintained 
at each of the arcs. 

The analog output card 212 is described as a block 
diagram in FIGURE 12. The card 212 receives the power 
lines 412 as well as the data/address bus 400. Digital 
data words are transmitted through the bus 100 to each 
of a group of shift registers 490, 492, 494 and 496. An 
oscillator 498 provides a clock signal to the shift 
registers 490 and 494. The output from register 490 is 
transferred to the register 492 and the output from the 
register 494 is transferred to the shift register 496. 
The digital word in the shift register 492 is 
transferred through an optical isolator 500 to a 
digital-to-analog converter 502. The output of shift 
register 496 is transferred through an optical isolator 
504 to a digital-to-analog converter 506. 

The output from the oscillator 498 is likewise 
transferred through an optical isolator 508 to clock the 
operation of the digital-to-analog converter 502 and the 
output from the oscillator 498 is transferred through an 
optical isolator 510 to clock the operation of the 
digital-to-analog converter 506. The converter 502 
produces an analog output signal at a line 512 and the 
digital-to-analog converter 506 produces an analog 
output signal at a line 514. 

In operation, the card 212 receives the digital arc 
voltage words produced by the analog input card 210. 
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These digital words are transferred through the shift 
registers 490-496, optically isolated and transformed by 
converters 502 and 506 into analog voltages that are 
utilized to control the arc power supply 104. 

The encoder motor card 214 is described in block 
diagram form in FIGURE 13. This card has connected 
thereto the power lines 412 and the data/address bus 
400. The encoder 112 for the motor 110 provides output 
signals on lines 524 (phase A) and 526 (phase B). The 
lines 524 and 526 are input to a quadrature phase 
detector circuit 528. The circuit 528 detects when 
there has been an incremental rotation of the wheel in 
encoder 112. A clockwise increment of rotation is 
indicated by a signal transmitted through a line 530 to 
counter No. 1 of triple timer circuit 532. A 
counterclockwise incremental movement of the encoder 
wheel is transmitted as a signal through the line 534 to 
counter No. 2 of triple timer circuit 532. The third 
counter of triple timer circuit 532 is used to divide a 
reference provided by the output from an oscillator 536. 
By reading counter 1 and counter 2 of the timer , the CPU 
is able to determine the rotary position of the motor 
encoder and, therefore , the rotary position of the ring 
344. By writing numbers to the divide by counter , 
counter No. 3, the CPU is able to create varying pulse 
output rates which are input to a phase detector 540. A 
line 541 connects the counter No. 3 of the timer circuit 
532 to the phase detector 540. 

The encoder motor card 214 further includes a phase 
detector 540 which receives the output of an OR gate 
542. The inputs to the gate 542 are the phase A and 
phase B encoder signals at lines 524 and 526. A further 
phase input to the detector 540 is the output of the 
triple timer circuit 532. The output of the phase 
detector 540 is passed through an amplifier 544 and 
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provided to a first input of a comparator 546. A ramp 
generator 548 provides the second input to the 
comparator 546. The output from the comparator 546 is 
passed through an optical isolator 550 to provide a 
driver signal to drive field effect transistors 552. 
The transistors 552 produce a driver signal at a line 
554 which is provided to drive the ring motor 110. 

The circuit 214 provides a feedback control system 
for driving the motor 110 to accurately position the 
motor and govern its rate of travel. If the rate of 
pulses arriving from the encoder is greater than the 
reference output from the third triple timer , the output 
of the phase detector will go low. This will cause the 
output of the comparator to stay low so the FETS will 
not be turned on and the motor will slow down. If the 
rate of pulses from the encoder is too low, the output 
of the phase detector will go high causing the output of 
the comparator to go high, the FETs will be turned on 
and the motor will speed up. At a matched speed, the 
phase detector will produce a pulsed output whose 
average value will cause the comparator to deliver 
pulses to the FETs. The pulsed output from the FETs 
will provide the proper power to the motor to match the 
load . 

The dual EMF motor card 216 is described in a 
functional block diagram in FIGURE 14. This card 
likewise receives the power lines 412 and the 
data/address bus 400. The bus 400 is connected to the 
input of a dual digital-to-analog converter 560. This 
converter receives digital words and generates analog 
signals from them at line 562 and 564. The analog 
signal at line 562 is provided to the first input of a 
comparator 566 which has the output thereof input to a 
comparator 568. The analog signal at line 564 is 
provided to the first input of a comparator 570 which 
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has the output thereof provided to the first input of a 
comparator 572. 

A ramp generator 574 generates a ramp signal which 
is provided to the second input of comparators 568 and 
572. The output from comparator 568 is transmitted 
through an optical isolator 576 to a group of driver 
field effect transistors 578. The transistors 578 
produce a wire feed drive signal at a line 580 which is 
provided to the wire feed motor number 1, such as for 
internal welder 340. The output of the comparator 572 
is transmitted through an optical isolator 582 to a 
group of field effect transistors 584 which produces a 
motor driver signal at a line 586 for driving the wire 
feed motor number 2, such as for internal welder 342. 

The line 580 also serves to monitor the back 
electro motive force (EMF) from the wire feed motor and 
provide this signal through an amplifier 588 to a 
sampling circuit 590. The sampled signal is provided 
through an amplifier 592 to the second input of the 
comparator 566. In a similar fashion, the back EMF 
signal from the wire feed motor number 2 is provided 
from line 586 through an amplifier 594 to a sampling 
circuit 596. The sampled signal is conveyed through an 
amplifier 598 to the second input of comparator 570. 

Briefly, in operation, the card 216 receives a back 
EMF signal through a line, such as 580 and this signal 
is compared at the comparator 566 with the desired drive 
signal received through line 562. The difference 
produced by the circuit 566 is compared to a ramp signal 
received from the generator 574. The time duration of 
the output from the comparator 568 is a function of the 
amplitude of the signal at the output of the comparator 
566. This drive signal is isolated by the optic 
isolator 566 and used as a driver for the field effect ■ 
transistor 578. The motor is driven by pulses from the 
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transistors 578. This circuit , as a whole, is a 
feedback control circuit which insures that the wire 
feed motors are driven at almost exactly the speed 
required and selected by a digital word which is input 
to the dual DAC 560 through the bus 400. The second 
motor is driven by similar circuitry. 

The DC input card 218 is described in a block 
diagram shown in FIGURE 13. Power lines 412 and 
data/address bus 400 are provided to the components on 
the card 218. Latches 608 and 610 are each connected to 
the data/address bus 400 for transferring digital words 
through the bus. A group of eight input lines 612 are 
provided to an optical isolator 614. The outputs from 
the isolator 614 are provided to the latch 608. A group 
of eight isolated inputs 616 are provide to an optical 
isolator 618. The outputs from the isolator 618 are 
likewise transferred to the latch 610. These inputs are 
inputs from switches. By reading the latches via data 
bus 400 the computer can determine which inputs are and 
which are off. 

The DC output card 220 is described in a functional 
block diagram in FIGURE 16. The card 220 receives the 
power lines 412 as well as the data/address bus 400. 
The function of this card is to provide on/off signals 
at a group of 8 isolated output lines 630. A latch 632 
is connected to the bus 400 for receiving digital words 
therefrom. The digits received at the latch 632 are 
coupled through an optical isolator 634 to provide the 
eight on/off conditions for a group of field effect 
transistors 636. The transistors 636 function as 
drivers for each of the lines 630. These lines serve to 
drive the solenoids for clockwise gas, counterclockwise 
gas, the aligners, the front shoes, the wheels up, the 
wheels down, the brake, the travel forward, travel 
reverse, rear shoes expand, and read shoes retract. 
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The operation of the internal welders is now 
described in reference to FIGURES 7 and 17. The welders 
336 , 338, 340 and 342 are mounted on the ring 344 which 
is driven by motor 110. The angular position of the 
5 motor 110 is indicated by the encoder 112 which provides 

a pulse signal to the control system, further described 
below. Referring to FIGURE 17 , there is illustrated a 
chart which shows wire speed , arc voltage and travel 
speed for a representative weld pass. In operation, one 

10 weld pass is made in the clockwise direction and another 

in the counterclockwise direction. 

As shown in FIGURE 7 , the internal welders 340 and 
342 are used in the clockwise welding operation for the 
right half of the weld pass for the pipeline joint. The 

15 ring 344 is rotated to bring the internal welder 340 to 

the top position 346 and thereby bring the internal 
welder 342 to the position 352. The ring is rotated 90 
degrees for the clockwise welding pass. 

The ring 344 is positioned to have welder 338 at 

20 position 346 for a counterclockwise welding pass. The 

ring 344 is rotated for one-quarter circle in the 
counterclockwise direction to complete the welding pass 
on the left hand side of the pipe joint. 

In a first method of operation, the ring 344 is 

25 driven by the motor 110 to position the internal welder 

340 at the home position 354. Each of the welders 340 
and 342, during the welding pass, feeds an electrode 
wire into the gap at the pipe joint for the welding 
pass. The speed that this wire is provided into the 

30 joint is shown as line 644 in FIGURE 17. The arc 

voltage which is applied to each of the wires is 
illustrated as line 646. The travel speed for the 
internal welder is illustrated as line 648. 

In a preferred embodiment, the wire speed starts at 

35 a speed of 240 inches per minute (IPM) and ramps up to a 



30 



maximum speed of 550 IPM. The arc voltage begins at a 
level of 19 .0 volts and ramps up to a level of 21.0 
volts. Travel speeds for the internal welder start at 
zero for one embodiment , and ramps up to 55 inches per 
minute (IPM) for a travel speed across the majority of 
the weld pass. For a moving start, the travel speed is 
20 inches per minute. 

In the operation of a control system described in 
more detail below, the internal welder 340 is positioned 
at the home position 354 and a button on a hand-held 
training unit 126 is pressed to define this position as 
being the home position. The ring 344 is then rotated 
by operation of the motor .110 to position the internal 
welder 340 at the position 346. A button on the hand- 
held training unit 126 is then pressed to define this as 
the start position for the welding pass. The ring 344 
is then rotated in the clockwise direction to position 
the internal welder 340 at position 352 and a button on 
the hand-held training unit 126 is depressed to define 
this as the stop position for the automatic welding 
pass. This same operation is conducted to establish the 
start and stop positions for the counterclockwise 
welding pass with reference to the internal welder 338. 

To perform the welding operation, the internal 
welder 340 is positioned at the home position 354. At 
that point, the automatic sequence of welding is 
initiated. In one embodiment, the automatic welder is 
then repositioned and stopped at the position 346. At 
this point the wire feed, for the electrode feed wire, 
is initiated at the rate noted above. The flow of 
shielding gas is also started. The arc is struck and an 
arc voltage of 19.0 volts is maintained. Concurrently, 
the internal welder 340 is started along the pass and 
accelerated through a ramp-up speed increase until the- 
final travel speed of approximately 55 IPM is reached. 
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Concurrently while increasing the travel speed, the wire 
speed is increased to the high speed rate of 550 IPM and 
the arc voltage is ramped up to a maximum of 21.0 volts. 
The ramp up time for the described embodiment is 
approximately 4 seconds. The high speed travel is 
maintained for approximately 85 per cent of the welding 
pass. As the internal welder 340 approaches the 
position 352, the motor 110 is dynamically braked to 
slow it down as fast as possible. Concurrently, the 
wire speed is slowed to a stop and the arc voltage is 
reduced to zero. The gas flow is stopped. Thus, when 
the internal welder 340 becomes stopped at the position 
352, all the parameters for wire speed, arc voltage and 
travel speed are at zero. The ramp-down of these 
parameters at the end of the weld pass is done very 
quickly. The down ramps shown in FIGURE 17 are expanded 
to show the stopping operation. 

The operations carried out by the internal welder 
342 are the same as those for the internal welder 340, 
described above. The internal welder 342 travels from 
the position 352 to the final position 348. The wire 
speed, arc voltage and travel speed for the internal 
welder 342 is virtually the same as that for the 
internal welder 340. 

In an optional method of operation, the internal 
welders 340 and 342 follow the travel speed shown by the 
solid line segment 650 illustrated in FIGURE 17. This 
is termed a "flying start." In this method of 
operation, the internal welders 340 and 342 are ramped 
up to an initial speed, approximately 20 IPM, after 
leaving the home position 354 for the welder 340. As 
the internal welder 340 passes the position 346, the 
wire feed is initiated at the speed indicated. Upon 
reaching the position 346, and initiating the arc, the * 
wire speed is ramped up, the arc voltage is ramped up 
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and the travel speed for the internal welder is ramped 
up as shown in FIGURE 17. From this point on to the 
termination of the weld pass, the conditions are the 
same as described above. 

After the clockwise weld pass has been made as 
described above, the internal welder 338 is positioned 
at position 356. From this point, the welding operation 
in the counterclockwise direction is carried out in the 
same manner as described above for the clockwise welding 
pass, in this case, the internal welder 338 may be 
moved to the start position 346 and stopped or it may 
proceed and continue moving past the position 346 in a 
"flying start." In the same manner as described above, 
the internal welder 336 tracks the operation of the 
welder 338 so that one-half of the welding pass is 
completed in the counterclockwise direction by use of 
two welders. 

Although four internal welders are shown in 
reference to FIGURE 7, more such internal welders may be 
used concurrently. For a larger pipe, it is practical 
to use, for example, six or eight internal welders in 
one system. 

The control system operation for the internal 
welders to carry out the functions shown in FIGURE 17 
are described in more detail below in the flow diagrams 
for the operations of the microprocessor control units. 

The control system for the internal welder unit 30 
comprises a distributed group of individual processors 
interconnected by a serial communication link 100. 
These are microprocessor control units 92, 94, 96 and 
98. All of the software for the unit 30 control system 
is stored in each of the read only memories 404 in each 
of the computer cards 202. When there is any change in 
the software, an entire new software package is 
installed in each of the CPU cards 202. This 
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substantially reduces the complexity in handling 
multiple processors and eliminates the possibility of 
installing the wrong software in a CPU card. The 
commonality of the cards in the control system permits 
interchange of the same card from one location to 
another and reduces the inventory required for 
replacement parts. 

Each of the microcomputer control units 92, 94, 96 
and 98 includes a CPU card 202. In the following 
software description, the term "CPU" refers to the CPU 
card. 

Referring now to FIGURE 18, there is illustrated 
the initial operational steps of the program upon each 
of the CPU cards 202. The program begins with a power 
on start 650. In a first operational block 652, the 
microprocessor reads the CPU type switch 390 to 
determine the CPU type for the CPU card. There are four 
CPU types, 1, 2, 3 and 4. The microcomputer control 
unit 92 is CPU type 1, control unit 94 is CPU type 2, 
control unit 96 is CPU type 3 and control unit 98 is CPU 
type 4. 

Following block 652, the program enters operational 
block 654 which reads the PROM tables in the PROM 404, 
as well as the CPU type from the switch 390 to build a 
set of input/output addresses. This table defines the 
address for each function in the system. For example, 
if CPU type 1 is identified and that unit needs to turn 
on a set of wire feeders for a torch, the table 
identifies that the wire feeder function is located in 
CPU type 2. Thus, if the command is entered to CPU type 
1 to activate the wire feeder, then CPU unit type 1 
knows to send a command for that operation to CPU unit 
type 2. This is done by using an appropriate address 
for CPU unit number 2. The CPU card also identifies 
what functions it has individually so that these are 
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addressed directly rather than through the communication 
link 100. 

In the next operational block 656, the CPU type 
number is utilized to generate a set of global serial 
channel (GSC) addresses for each of the other 
microprocessor control units. This also permits the 
operating CPU card microprocessor to determine its own 
GSC address so that it will know which commands and data 
to receive. Other addresses are ignored. 

Following operational block 656, the program enters 
an operational 658 to start the timer running. This is 
the timer 406 in CPU card 202. The timer 406 interrupts 
the microprocessor 380 every one quarter of a 
millisecond. The software can be set to perform a 
function on every n number of interrupts. In a question 
block 660, an inquiry is made to determine if the time 
has arrived for a high-speed digital acquisition 
(HSDAQ) . This occurs once every periodic interrupt, 
such as, at the 8 interrupt. This equates to a two 
millisecond interval. If this time has elapsed, the yes 
exit is taken to a question block 662 where in inquiry 
is made to determine if the operating processor is a CPU 
type 2. If this is true, the yes exit is taken to an 
operational block 664 which generates a command to read 
the analog-to-digital converters in the analog input 
card 210 associated with the operational microprocessor 
control unit. 

After the digital samples have been produced , these 
values are transmitted from unit 94 to unit 98 via the 
GSC link 100 and from the microprocessor 380 in unit 98 
via the bus 400 to the analog output card 212. This is 
done by providing an appropriate address for this card. 

The no exits from the question blocks 660 and 662 
as well as the output from the operational block 666 
enters a question block 668. Within this question 



35 



block, an inquiry is made to determine if a timer 
sequence has been reached which requires scanning the 
inputs to the operating microprocessor control unit to 
determine if there are any inputs which require 
functional operations. This occurs at a periodic time 
as well. This is done on a 100 millisecond interval, 
that is, every 400 timer interrupts. This is tracked by 
the second counter in the triple timer 406. If the 
response question block 668 is yes, an operation block 
670 is entered to execute the appropriate application 
code which is shown in FIGURE 19. If the response to 
the inquiry in question block 668 is zero, the no exit 
is taken which returns control to the input of the 
question block 660 to again initiate the checks of the 
timers to determine what operation should be 
accomplished . 

It must be noted that whenever a command or data is 
received by one of the microprocessor control units 
through the communication link 100, that communication 
receipt causes an interrupt which causes the 
microprocessor to perform the function required by the 
received command or data. 

The code for the operations shown in FIGURE 18 is 
listed below. The code for each of the other flow 
diagrams is listed following the description. These are 
in the C language, which is a programming language well 
known in the industry. The specific application 
operations such as, for example, "READ A/D CONVERTERS", 
is preferably written in the machine language for the 
selected microprocessor. The particular machine 
language routines can readily be prepared by one skilled 
in the art. 
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/* 

DRNAL.C 

*/ 

/* Ocmrm DANAL data */ 
extern int CPUTYFE; 
extern char RESTARTIP; 



void danal ( ) 
I 

/* The function of the data analysis task In this location */ 
10 /* is to call an assembly language pr o gr am s to configure */ 

/* the stack of cards as a Back Efcd, Front End, Reach Rod */ 
/* Control Box, or Power Supply Junction box, to set up the */ 
/* global serial catmunications channel addressing, to */ 
/* initialize all system variables, and to start the system */ 
15 /* interrupt timer • */ 



if (RESTARTIP) 



/* If this is a power en restart 



*/ 



20 



25 



config (CPOTXFE); 



gscinit (CPUTZPE) ; 



/* Make sure the correct types of input and 
output cards are attached for this type 
of CPU. (Back End, Front End, etc. ) */ 
/* Set up the global serial addresses that 

this CPU will respond to. */ 
/* Perform all other system initialization */ 
/* Start the system interupt timer */ 



sysinit (CPOTXFE); 
timerinit (); 
} 

if (RESTARTIP) /* If this is a power on restart 

RESTARTIP = 0; /* clear RESTARTIP flag */ 



*/ 



) /* end of danal */ 

void systaninterrupt () 
30 { 



WO 91/09700 PCT/US90/00021 

37 

/* when the timer causes an interrupt, this routine checks to see if 
it is time to transmit a digitized sample of the arc voltages and 
checks to see if it is time to scan the system inputs. */ 

BASEJBJDAQ += 1 

if (BASEJBJ»Q > 4) 

{ 

BASEJBDAQ - 0; 
if (CFOTXPE = 2) 

{ 

readanalogs (); 
xmitanalogs (); 

} 

} 

BASEJ5CANJCNP += 1; 

if ( BASE JSC3VNJENP > 400) 

C 

BASEJ3CRNJENP « 0; 
danalO (CPUTXPE); 

) 

) /* end of systaninterrupt */ 

The application code indicated by operational block 
670 in FIGURE 18, is shown in FIGURE 19. This 
application code is entered at a start 680. In a first 
operational block 682, the system scans status and panel 
inputs. The two cards that provide inputs are the panel 
interface card 206 which has eight analog inputs and 
eight switch inputs and the DC input card which has a 
possible total of 16 DC isolated inputs. These DC 
signals are from sources such as limit switches, 
pressure switches and the five buttons on the hand-held 
training unit 126- The DC input card 218 is present 
only in CPU type 2. The panel interface card 206 
receives inputs from the front end control panel 118 in 
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unit 94, and from the reach rod control panel 120 in the 
unit 96. Whenever there is an input to any of these 
signals, there is a specified output. For example, if 
the toggle switch 230, shown in FIGURE 5, is switched to 
5 the up position, the aligners 58 (shown in FIGURE 3) are 

elevated. 

In the next series of inquiries, shown in FIGURE 
19, the operating software determines its CPU type and 
executes the corresponding application code. 

10 in a question block 684, an inquiry is made to 

determine if the CPU is type 1. if the response is yes, 
an operation block 686 is entered to execute the CPU 
type l code shown on FIGURE 20. 

If the response to question block 684 is no, the 

15 system enters a question block 688 to determine if the 

CPU type is 2. If the response to question block 688 is 
"yes", entry is made to an operation block 690 to 
execute the CPU type 2 code shown in FIGURE 21. 

If the response to the question block 688 is "no", 

20 entry is made to a question block 692 to determine if 

the CPU is type 3. If true, the yes exit is taken to an 
operation block 694 to execute the CPU type 3 code shown 
in FIGURE 22. 

If the response to the question block 692 is 

25 negative, entry is made to a question block 696 to 

determine if the CPU is type 4. if yes, the system 
enters an operation block 698 to execute the CPU type 4 
code, which is shown in FIGURE 23. 

If the response in question block 696 is no, entry 

30 is made to a question block 700. The outputs from the 

operation block 686, 690, 694, and 698 likewise enter 
the question block 700. Within the question block 700 
an inquiry is made to determine if a terminal is 
attached to the CPU. Such an attachment is made through 

35 the RS232 circuit 384. If such a terminal is attached, 
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the yes exit is taken from block 700 to enter an 
operation block 702. At this point, the system executes 
the terminal code. Following block 702, the system goes 
to a return 704. This return is back to the entry into 
question block 660, shown in FIGURE 18. 

As shown in FIGURE 19, all of the execution code 
required for each of the four types of processors are 
available for use by each microprocessor. It is this 
technique that permits the same collection of software 
to be used in each of the microprocessors without 
differentiating between one microprocessor and another. 
The differentiation is carried out in the software which 
reads the dip switch setting on the CPU card 202. 

The code for FIGURE 19 is listed below. 

/* 

DANAL0.C 

*/ 

/* Caiman DANAL data */ 
extern char QJPESM ^ATTACHED; 

void danalO ( ) 
C 

/* The function of the data analysis task in this location */ 
/* is to scan the input cards and then run the appropriate */ 
/* routine based on the CPUTYPE. Before exiting, this code */ 
/* checks to see if the Q-Term is attached and, if it is, */ 
/* calls on the Q-Term code. */ 

scan_panels ( ) ; 
scanjdcjinputs (); 

switch (CFOTYFE) 
C 

case 1: /* If the CPUIYPE — 1 */ 
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danall (>; 
break; 

case 2: 

danal2 (); 
break; 

case 3: 

danal3 (); 
break; 

case 4: 

danal4 (); 

Box */ 

break; 

default: 
break; 

} 

if (Q_TEBM_ATEACHED) 

opter (); /* Execute the opterator Interface routine */ 

} /* end of danalO */ 

The execution code for a type 1 CPU is illustrated 
in FIGURE 20. As noted above, the type 1 CPU is within 
the microprocessor control unit 92 at the internal 
welder backend control unit. The control unit 92 
directly controls the motion of the torches 336, 338, 
340 and 342 and indirectly controls the operation of the 
torches and power supply contactors. It is this 
microprocessor control unit that accomplishes the 



/* Execute the code for the Back End Controller */ 
/* If the CPUTYFE = 2 */ 

/* Execute the code for the Frmt Bid Controller */ 
/* If the CPOTXEE — 3 */ 

/* Execute the code for the Reach Rod Control Box */ 
/* If the CPUTYPE = 4 */ 

/* Execute the code for the Power Supply Junction 
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functions for wire speed, arc voltage and travel speed 
illustrated in FIGURE 17. 

The CPU type 1 code begins with a start 714. Next, 
it enters an operation block 716 to read the encoder 
112. This is done through the encoder motor card 214 
which receives the encoder signal via lines 524 and 526. 
Previous to this point in the operation, the system has 
been "trained" and various positions, shown in FIGURE 7, 
have been stored in the program. These are home 
position 354, the clockwise start position 346, the 
clockwise stop position 352, the counterclockwise start 
position 346, and the counterclockwise stop position 
350. 

From the operation block 716, the program enters a 
question block 718 to determine if the torches are 
rotating clockwise. If so, the yes exit is taken to a 
question block 720. Within the block 720, a check is 
made of the encoder count to determine if it is less 
than the clockwise start position. If so, the torch is 
not in the appropriate position to start a weld and the 
yes exit is taken to a return 722. This return takes 
the system back to the input of question block 700 in 
FIGURE 19. 

If the response in the question block 720 is no, 
entry is made to a question block 724 to determine if 
the encoder count is greater than the clockwise stop 
position. If this is true, the yes exit is taken to a 
question block 726 to determine if welding is in 
progress. If welding is being performed, then the stop 
position has been reached and it must be terminated. 
The yes exit is taken from block 726 to an operation 
block 728 which causes the arc and torch travel to be 
terminated. Following block 728, the system enters the 
return 722. 
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If welding has not been commenced, as determined in 
question block 726, the no exit is taken to the return 
722. 

In reference to question block 724, if the encoder 
count is less than the clockwise stop position, the no 
exit is taken to a question block 730. Within the block 
730, an inquiry is made to determine if the weld has 
started. If so, the yes exit is taken to a question 
block 722. This block determines if the speed of the 
wire and torch travel is at the maximum value and if the 
arc voltage is at the maximum value. If so, the yes 
exit is taken to the return 722. If no, the system 
enters an operation block 734 to increment (increase) 
the wire speed, travel speed and arc voltage. This step 
of increasing speed corresponds to the upward ramp for 
the wire speed and travel speed shown in FIGURE 17. 
Following the operation block 734, the system enters the 
return 722. 

If the response in the question block 730 is 
negative, that is, the weld is not started, the no exit 
is taken to a question block 735 to determine if a weld 
has been requested. Such a request is made by 
monitoring the weld start button 306, shown in FIGURE 6. 
This signal is transferred to the operating 
microprocessor through one of the panel interface cards 
206, as described above. If a weld has been requested, 
the yes exit is taken from the question block 736 
(Change 735 to 736) to an operation block 738 which 
turns on the wire feed for each of the internal welders 
340 and 342 and the welding power supply contactors. 
Following block 738, the system enters the return 722. 
If no weld has been requested, the no exit is taken from 
question block 736 to the return 722. 

As shown in the top half of FIGURE 20, for 
clockwise torch rotation, these steps provide the ramp 



43 

up for the parameters , the travel to the end of the weld 
pass, at which point the welding parameters are 
terminated . 

The lower half of FIGURE 20 provides an identical 
set of operations for a counter clockwise rotation. The 
question block 718 determines if the torches are 
rotating counterclockwise. If not, the no exit is taken 
to question block 744 to determine if counter-clockwise 
rotation has been requested. If the answer is no, the 
system enters the return 722. If the answer is yes, the 
system enters a question block 746. The block 748 
determines if the encoder count is greater than the 
counter-clockwise start number. If yes, the system 
enters the return 722. If no, the system enters a 
question block 748. Prom question block 748, there are 
provided question block 750, operation block 752, 
question block 754, question block 756, operation block 
758, question block 760 and operation block 762. Blocks 
746-762 correspond respectively to blocks 720-738, 
described above in reference to FIGURE 20. 

The C code for FIGURE 20 is listed below. 

/* 

DANAL1.C 

*/ 

/* Assembly routine - Located in ENO0DER1 */ 
extern int rdencoder ( ) ; 

#include <danal.def> 
# include <inputl.def> 

void danall ( ) 
C 

/* Qi every pass, 10 times / second, update encccunt by invoking 
/* rdencoder ( ) . This routine returns a new value of encccunt. 
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rdencoder (encccunt); 



/* Check to see if the cw_rotate or cxw_rotate system status bits */ 
/* are set. If they are, invoke the cw or ccw start/stop tests. */ 

if (systemstatus & cw_rotate) 
5 C 

if ! (erxcxxunt < cwstart) 
C 

if (encccunt > cwstqp) 
{ 

10 if (welding) 

{ 

turnoff (weldjDontactorl); 
turnoff (weld_contactor2) ; 
turnoff (CWwirefeed 1); 
15 turnoff (CW_wirefeed 2); 

turnoff (ringjtravel); 
} 

} 

else if (welding) 
20 { 

if ! (tvlspeed > maxtvl) 
{ 

tvlspeed += 1; 
CWwirspeedl += 1; 
25 (3^wirspeed2 += 1; 

} 

} 

else if (start_weld) 
C 

30 turn on (weldjcontactor 1); 

turn on (weldjcontactor 2); 
turnan (CWwirefeedl); 
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turnon (CW_wirefeed2) ; 
} 

} 

} 

5 else if (systanstatus & ccw_rotate) 

C 

if !(encccunt < ccwstart) 
{ 

if (enccount > ccwstqp) 
10 C 

if (welding) 
{ 

turnoff ( weld_ccaitac±orl ) ; 
turnoff (wesld_ccffitactor2); 
15 turnoff (CCWjwirefeed 1); 

turnoff ((XWjwirefeed 2); 
turnoff (ring_travel); 

} 

} 

20 else if (welding) 

C 

if ! (tvlspeed > maxtvl) 
{ 

tvlspeed += 1; 
25 wirspeedl += 1; 

wirspeed2 += 1; 

) 

} 

else if (start_weld) 
30 { 

turnon (CCW_wirefeed 1); 
turnon (CCWjwirefeed 2); 
turnon (CCWjwirefeedl ) ; 
turnon (GCW_wirefeed2); 
35 } 
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} 

} 

} /* end of danall */ 

The operation code for the type 2 CPU is described 
in reference to FIGURE 21. As noted above, the type 2 
CPU is in the microprocessor control unit 94 which is at 
the front end of internal welder unit 30. This CPU 
card, in the front end control unit, controls many of 
the mechanical functions within the internal welder unit 
30. It does so in response to commands that are 
received from both the panels 118 and 120, which are 
shown in FIGURES 5 and 6 respectively. The commands 
from the panel 118 are received directly at the 
microprocessor control unit 94 via its panel interface 
card 206. However, the commands from the reach rod 
control panel 120 are input to the microprocessor 
control unit 96 via its corresponding panel interface 
card 206 and then transmitted by the control unit 96 via 
the communication link 100 to the CPU card 202 for the 
microprocessor control unit 94. 

The inputs from the buttons and switches at the 
panels 118 and 120 are periodically monitored by the 
panel interface cards 216. These inputs are transferred 
to the corresponding microprocessor as a set of status 
bits. The system maintains three sets of status bits. 
These are (1) the received status bits (2) the acted 
upon status bits and (3) the changed status bits. The 
changed status bits are the received bits that are 
different from the corresponding ones in the set that 
has been acted upon. The changed status bits therefore 
indicate functions which require action. 

Referring to FIGURE 21, entry for the CPU type 2 
code is made at a start 770. The operations carried out 
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in the type 2 CPU are to monitor inputs to determine if 
there has been a change in the status for that input. 
If there has been a change in status, the corresponding 
functional operations are carried out to shift the 
mechanical operation from its present state to another 
state. From start 770, the system enters a question 
block 772 which questions if there is a change in the 
input for the aligners 58. This is produced by the 
toggle switch 230 at panel 118. If there has been a 
change in the switch, the yes exit is taken to an 
operational block 774 which generates a command to 
change the position of the aligners 58. 

If there has been no change in the input for the 
aligners, the no exit is taken from question block 772 
to a question block 776. Within this block, a check is 
made for the input for the rear shoes in assembly 54. 
This input is provided from the toggle switch 232 at the 
panel 118. If a change has been made, the yes exit is 
taken from the question block 776 the rear shoes are 
raised or lowered by operation block 778 depending upon 
the change that caused this path to be taken. The 
commands are then issued to change the position of the 
rear shoes in the assembly 54. If the shoes are 
expanded, they are retracted. If the shoes are 
retracted, they are expanded. 

If the response to the question in block 776 is 
negative, the no exit is taken to a question block 780. 
The block 780 determines if there is a change in the 
input for the wheels 36 and 38. These inputs are from 
the buttons 234 and 236 at the panel 118. If there has 
been a change, the yes exit is taken to an operation 
block 782 which generates the command for changing the 
position of the wheels 38. 

If the inquiry made in question block 780 is 
negative, the no exit is taken to a question block 784 
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to determine if there has been a change in the status of 
the brake input, which is provided by the toggle switch 
238 at panel 118. If there has been a change, the yes 
exit is taken to an operation block 786 which causes 
generation of signals for activating a change in the 
position of the brake arms 46 by activation of the 
piston 48. 

If there has been no change in the break input in 
block 784, the no exit is taken to a question block 788. 
This inquires if there has been a change in the 
forward/reverse travel direction for the internal welder 
unit 30. If so, the yes exit is taken to an operation 
block 790 where commands are issued for changing the 
polarity connection of the battery 50 to the motor 35. 

If no change has been made in question block 788, 
the no exit is taken to a question block 792 to 
determine if the wire clear button 252 has a changed 
status bit. If so, the yes exit is taken to an 
operation, block 794 to implement the wire clear function 
by operation of the actuator 168 shown in FIGURE 2. If 
button 252 is depressed, the wire is fed into the gap. 
If it is released, the feed is stopped* 

If the response to question block 792 is negative, 
the system enters a question block 796 to determine if 
there has been a change in the status of the clockwise 
rotation button 254. If so, the system enters an 
operation block 798 to change the status of clockwise 
rotation. If the button has been depressed, the ring 
344 is driven by the motor 110 in a clockwise direction. 
If the button has been released, the clockwise rotation 
is terminated . 

If the response to the question block 796 is no, 
the system enters a question block 800 to determine if 
there has been a change in the counter-clockwise 
rotation button 256 at panel 118. If there has been a 
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change , the yes exit is taken to an operation block 802. 
As described above, this change is the rotation status 
in the counter-clockwise direction. If the motor 10 has 
been activated for counter-clockwise rotation , it is 
deactivated. If it is inactive, it is then activated 
for counter-clockwise rotation. 

If the no exit is taken from the question block 
800, the system enters the question block 804. 

In the question block 804, an inquiry is made as to 
the status of the front shoes input, which is the toggle 
switch 258, shown in FIGURE 5. If there has been a 
change in this switch, the yes exit is taken to an 
operation block 806 to change the position of the front 
shoes in the assembly 52. The shoes are caused to 
change position between the expanded and retracted 
positions by operation of pneumatic actuators. 

If the response to question block 804 is negative, 
the system enters a question block 808 to determine if 
there is a change in the clockwise gas toggle switch 260 
in FIGURE 5. If there has been a change, the yes exit 
it taken to an operation block 810 to change the gas 
flow to the torches. The gas flow is either turned on 
or off. 

if the response to the question block 808 is 
negative, the system enters a question block 812 to make 
a similar inquiry about the counter-clockwise gas switch 
262. If a change has been made in this switch, the yes 
exit is taken to the operation block 814 to generate the 
command necessary to change the status of the valve 
providing the gas for the counter-clockwise welding 
pass. 

If the response to the inquiry in block 812 is 
negative, the system enters a question block 816 to 
determine if there has been a change in the button 226 * 
for the clockwise welder 1 wire feed. If there has been 
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a change in this button, the yes exit is taken to an 
operation block 818 which changes the status of the wire 
feed for the number 1 clockwise internal welder. This 
either initiates or terminates the wire feed* 

If the response to question block 816 is negative, 
entry is made to a question block 820 to determine if 
the button 268 at panel 118 has been depressed to 
activate the wire feed for the clockwise internal welder 
number 2. If the response is yes, entry is made to an 
operation block 822 to change the status of the wire 
feed for the clockwise number 2 welder. 

If the response to question block 820 is negative, 
a question block 824 is entered to determine if there 
has been a change in the status of button 270 at panel 
118 for the wirefeed of the counter-clockwise welder 
number 1. If so, the yes exit is taken to an operation 
block 826 to change the status of the wirefeed for the 
counter-clockwise welder number 1. 

If a no response is made in operation block 824, 
the system enters a question block 828 to examiner the 
status of the button 272 to determine if there should be 
a change in the status of the wirefeed for the counter- 
clockwise welder number 2. If so, the yes exit is taken 
to an operation block 830 which generates the commands 
for either stopping or starting the wire feed for the 
counter-clockwise welder number 2. 

If the response to the question block 828 is 
negative, entry is made to a question block 832 to 
determine if there is a change in the switch 244 for 
fast and slow travel of internal welder unit 30. If 
there has been a change, the yes exit is taken to an 
operation block 834 which changes the battery 
connections between battery 50 and the motor 35 to 
provide the other available voltage. If there has been 
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no change in the switch 234 , the no exit is taken to the 
return 836. 

An entry is made to the return 836 from each of the 
operation blocks 774, 778, 782, 786, 790, 794, 798, 802, 
5 806, 810, 814, 818, 822, 826, 830 and 834. 

The code listing for FIGURE 21 is as follows. 

/* 

DANAL2.C 

*/ 

10 extern char *STATOSBUFEER; 

extern char *PIEBUETER; 

/* carman DANAL data - Located In DANAL0 */ 
extern char local_status[]; 
extern char processed_status[]; 
15 extern char changed_status[]; 

extern char *pointer; 

extern char RESTARTIP; 

# include <danal.def> 
#include <lnput2.def> 

20 void danal2 ( ) 

{ 

char status jnask; 

/* Get the current status reading for the CPU */ 
pointer = STATUSBUFEER; /* address the status buffer */ 

25 local_status[0] = ^pointer; /* get status byte 1 pts 1-8 */ 

pointer +« 1; 

local_status[l] = ^pointer; /* get status byte 2 pts 9-16*/ • 
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pointer = PIEBUEEER; /* Address PIB buffer 

local_status[2] = ^pointer; /* get status byte 3 

local_status[3] = *pointer; /* get status byte 4 

localjstatus [4] = ^pointer; /* get status byte 5 



*/ 
*/ 
*/ 
*/ 



/* Ocnpare the Internal Welder Input2.def localjstatus [0] byte with 
/* the present version of the processedjstatus [0] byte. If 
/* localjstatus [0] varies frcm processed_status [0], update 
/* processedjstatus [0] by invoking the appr opriate routine(s). 
if (processed_status[0] != local_status[0] ) 



/* Isolate those bits where localjstatus [0] has changed. */ 
changedjstatus [0] = processedjstatus [0] ~ localjstatus [0] ; 

/* If the control 1 ing status bit has changed, */ 
/* invoke the function for this bit changing. */ 

if (changed_status[0] & TVLJtJTORJS) 

chgJ^ljrDtorJLs (); 
if (changedjstatusfO] & ALI(2IES_UP_LS ) 

c±^_alignersjap_ls (); 
if (changedjstatus[0] & BRAKE JLS) 

chg_brake_ls (); 
if (changed_status[0] & SH^_FRESSURE_SW) 

c±g_shoesj?ressurejsw (); 
) /* end of digital status [0] change process */ 

/* Update processedjstatus [1] only if the localjstatus [l] */ 
/* varies frcm the old processedjstatus [1]. */ 
if ( processedjstatus [ 1 ] != localjstatus [1] ) 
C 

/* Isolate those bits where status [1] has changed. */ 
changedjstatus[l] = processedjstatus [ 1 ] * localjstatus [l] ; 

/* If the controlling status bit has changed, */ 



{ 
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/* invoke the function for this bit changing. */ 

if (changed_status[l] & TEAffl_HGME_BOTION) 

chg_teachJbGTO_buttcai (); 
if (changed_status[l] & TE^JSfiSJ^JUTIXli) 
5 c±g_teachjc^tart_button (); 

if (changed_status[l] & TEACHjSBIQP^HTrrCN) 

c±g_teachjc^stqpjb^ (); 
if (changed_status[l] & TEP£XJXSfSn^^UTTOt() 

c±g_teachjc»¥Start^ (); 
10 if (changed_status[l] & TEACHJDCWSTQP^^ 

chg_tea(^jco*stq^^ (); 
) /* end of digital status [1] change process */ 

/* Look at the Internal Welder front end control panel* */ 
/* update processed_status [2] only if the locaOstatus [2] */ 
15 /* varies from the old processed_status [2]. */ 

if ( processedjstatus [ 2 ] !» localjstatus[2]) 

C 

/* isolate those bits where status[2] has changed. */ 
changed_status[2] - processedjstatus [ 2 ] * local_status[2] ; 

20 /* If the controlling status bit has changed, */ 

/* invoke the function for this bit changing. */ 

if (changed_status[2] & EASTJIRAVEL_REQ) 

chg_fast_travel_req (); 
if (changed_status[2] & (XmjUEEJPB_BEQ) 
25 chgjcov2_wirej>b_req (); 

if (changed_status[2] & (XmjHBEJ^^BEQ) 

chg_ccwljwire_j)b_req (); 
if ( changed_status [ 2 ] & OJ2JUBEJ?B_EEQ) 
chg_cw2jwire_j5b_req (); 
30 if (changed_status[2] & CMJ1IBEJ?B_EEQ) 

chg_cwljwirej)b_req (); 
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if (changedstatus [2] & COtJSfSJEQ) 

dhgjccw _gas_req ( ) ; 
if (c±angedjstatus[2] & CWJ3SREQ) 

<&g_cwj3as_req (); 
if ( changedjstatusf 2 ] & HOOT_SH^_EXTE^RB3 ) 

c^_frmt_shoesjextend_req (); 

} /* end of digital status[2] change process */ 

/* Look at the Internal Welder front end control panel, */ 
/* Update processed_status [3] only if the local_status [3] */ 
/* varies from the old processed_status [3], */ 
if (processed_status[3] != localstatus[3]) 
C 

/* Isolate those bits where status[3] has changed. */ 
d3angedjs±atus[3] - processed_status[3] * local__status[3]; 

/* If the controlling status bit has changed, */ 
/* invoke the function for this bit changing, */ 

if (ctianged_status[3] & AUGErajJPjEQ) 

c±gjalignersjuqp_req (); 
if (changed_status[3] & REffi_SHOESJJPJREQ) 

c±g_rear_shoesjap_rec[ (); 
if (changed_status[3] & EEAR_SHGESJDCWN_RBQ ) 

chg_rearjshDes_down_req (); 
if (changed_status[3] & I^VE J^OEEL JXMN_RBQ ) 

c^j3rive_wheelj3own_req (); 
if (changed_status[3] St IBIVE JWHEEL_UP_REQ ) 

chgj3rivejwheeljLip_req (); 
if (changed_status[3] Si BRAKEJ3EF_REQ) 

chgJbrakejoff_req (); 
if (changed_status[3] & TRAVEL_EVH)JRBQ) 

chg_travel_fwd_req (); 
if (changed_status[3] St TE^VELREVREQ) 
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c±g_travel_rev_:req (); 
) /* end of digital status[3] change process */ 

/* Look at the Internal Welder front end control panel. */ 

/* Update processed_status [4] only if the local_status [4] */ 

5 /* varies from the old processedjstatus [4]. */ 
if { processedjstatus [ 4 ] !« localstatus[4]) 

{ 

/* Isolate those bits where status[4] has changed. */ 
changed_status[4] = processedjstatus [4] ~ local_status[4]; 

10 /* If the controlling status bit has changed, */ 

/* invoke the function for this bit changing. */ 



if ( changed i_status[ 4] & WIRE JTT .EAR_RBQ ) 

c^jwire_clear_req ( ); 
if (changed_status[4] & Otf JRCTAIE_REO ) 
15 c^jcw_rotate_req (); 

if (changed jstatus [4] & CT>/JOT7¥IE_REQ ) 

chgjcxw_rotate_req (); 
) /* end of digital status[4] change process */ 



if (RESTARTIP) 
20 { 

ioerror = turnon (SOTOTJLAMP) ; 

RESTARTIP = 0; 

} 

) /* end of danal2 */ 



25 The CPU type 3 code operations are described in 

reference to FIGURE 22. The number 3 CPU is located in 
the microprocessor control unit 96 at the reach rod 
control box 84. 
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The operations carried out in the CPU type 3 are 
principally in response to the inputs at the reach rod 
control box which has control panel 120. These inputs 
are received from the panel interface card 206 
associated with the microprocessor control unit 96. 
Note that the unit 96 is not directly connected to 
control any of the mechanical or electrical functions of 
the welding or related functional operations. Thus, all 
of the control operations must be done by the generation 
of commands which are transmitted via the communications 
link 100 to the appropriate microprocessor controllers, 
principally control units 92 and 94. As noted above, 
each particular operational function has been previously 
defined in a programmable read only memory so that the 
microprocessor control unit can select an appropriate 
GSC address and corresponding command to carry out the 
functions required when an input is received. 

Referring to FIGURE 22, the CPU Type 3 code begins 
with a start 844, From this start, the system enters a 
question block 846 to determine if there has been a 
change in the status bit for the front shoe mode, which 
is position 284 on the panel 120 shown in FIGURE 6. If 
there has been a change in this status bit, the yes exit 
is taken to a function block 848 to perform the actions 
necessary for the front shoes. These are included in 
assembly 52 and are activated by pneumatic power 
provided through a solenoid. If the command from the 
panel is to raise the shoes, a command signal is sent to 
the solenoid to raise the shoes, but if the command is 
to lower the shoes, an appropriate command signal is 
sent to the solenoid to lower the front shoes. 

If there has been no change in the front shoe mode, 
the no exit is taken from question block 846 to a 
question block 850 to determine if there has been a 
change in the clockwise weld mode status bit, which 
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corresponds to position 286 at panel 120. If the 
response is yes, an operation block 852 is entered which 
causes commands to be generated for turning on the 
clockwise gas and arming the clockwise weld operation. 
The actual weld operation is not initiated until the 
weld start button 306 is pressed. 

If the no exit is taken from question block 850, 
entry is made to a question block 854 to determine if 
there has been a change in the counterclockwise weld 
mode. This corresponds to position 290 of the switch 
280 on panel 120. If there has been a change in this 
mode, the yes exit is taken to an operation block 856 
which generates commands to turn on the counterclockwise 
gas and arm the counterclockwise weld operation. 
However, the weld operation is not initiated until the 
weld start button 306 is pressed. 

If the no exit is taken from question block 854, 
entry is made to a question block 858 to determine if 
there has been a change in the status bit for the home 
mode which corresponds to position 293 of the switch 
280. If the response is positive, the yes exit is taken 
to an operation block 860 which rotates the ring 344 to 
bring the welder 340 to the home position 354. 

If the response to question block 858 is negative, 
the no exit is taken to a question block 862 which 
determines if there has been a change in the shoe 
retract mode which corresponds to position 298 of switch 
280. If the response is positive, that is, there has 
been a change in this status bit, the yes exit is taken 
to an operation block 864 which generates the commands 
for retracting the front and rear shoes which correspond 
to assemblies 52 and 54. This is done by an electrical 
signal which drives a solenoid to activate pneumatic 
valves for these assemblies. 
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If the no exit is taken from question block 862 , 
entry is made to a question block 866 to determine if 
there is a change the status bit for the clockwise 
rotation button 310 at panel 120. If there is, the yes 
exit is taken to an operation block 868 to change to 
examine the state of the clockwise rotation status bit. 
This block generates commands to cause the ring 344 to 
rotate in the clockwise direction , if so commanded. 

If the no exit is taken from the question block 
866, entry is made to a question block 870 which 
determines that there is a change status bit for the 
counterclockwise rotation button 312 at panel 120. If 
so, entry is made to an operation block 872 to examine 
the state of counterclockwise rotation status bit. If 
the button has been depressed, rotation in the 
counterclockwise direction of ring 344 will be 
initiated. If the button 312 has been released, 
rotation of the ring 344 is stopped. 

If the no exit is taken from question block 870, 
entry is made to a question block 874 to determine if 
there is a change status bit for the hold out button 308 
at panel 120. If there has been a status change, entry 
is made to an operation block 876 to change the holdout 
operation. If button 308 has been depressed, as 
indicated by the corresponding status bit, the welding 
operation in progress is stopped. 

.If the no exit is taken from the question block 
874, entry is made to a question block 878 to determine 
if there has been a change in the wire status bit 
corresponding to toggle switch 316 at panel 120. When 
switch 316 is in the off position, the wire feed for the 
no. 1 welder (336 or 340) is disabled, but when it is in 
the on position, the wire feed for the no. 1 welder is 
enabled. If the yes exit is taken from question block * 
878, entry is made to an operation block 880 to disable 
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the No. 1 wire 1 feed if switch 316 is off. The wire 
feed is enabled if switch 316 is on. 

If the no exit is taken from question block 878 , 
entry is made to a question block 882 to determine if 
there has been a change in the status bit for the wire 
feed for torch no. 2 (338 or 342) which is switch 318. 
If true, the yes exit is taken to an operation block 
which causes a disable for the wire feed for welder no. 
2 if the switch is in the off position. If the switch 
is in the on position, the wire feed for welders no. 2 
will be enabled. 

If the no exit is taken from question block 882 , 
entry is made to a question block 886. Within this 
block , an inquiry is made to determine if the status bit 
for the forward/reverse switch 324 has been changed. 
This switch provides for the direction of travel of the 
unit 30 in the pipeline. If this status bit has been 
changed , an operation block 888 is entered to generate 
the commands for changing the direction of travel for 
the unit 30 as set by the switch 324. 

If the no exit is taken from the question block 
886 , entry is made to a question block 890 to determine 
if there is a status change bit for the arc test button 
322 at panel 120. If there has been such a change , the 
yes exit is taken to an operation block 892 to initiate 
the arc test if button 322 is depressed and to terminate 
the arc voltage is the button is released. The arc test 
result is produced at the displays 326 and 328 at panel 
120. 

The question block 894 is entered if the no exit is 
taken from the question block 890. This question 
determines if there is a status changed bit for the 
weld-start button 306. If the status has changed, and 
button 306 is depressed to initiate a weld, the yes exit 
is taken to a question block 896. Within the block 896, 
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a determination is made if the clockwise weld mode has 
been armed. This is in reference to operations that are 
carried out in operation block 852. If the response is 
positive the yes exit is taken to operation block 898 
which generates the commands to start the clockwise weld 
process, as described above. 

If the no exit is taken from question block 896 , 
entry is made to a question block 900 to determine if 
the counterclockwise weld mode has been armed. This is 
established by the operation block 856. If so, the yes 
exit is taken to an operation block 902 which initiates 
the counterclockwise weld process. A no response to 
question block 900 transfers the system to a return 910. 

Referring back to question block 894, if there is a 
negative response, entry is made to a question block 904 
to determine if there is a changed status bit for the 
auto travel, which is position 300 of the switch 280 in 
panel 120. If there is a changed status bit, the yes 
exit is taken to a question block 906 to determine if 
there is a change status bit for the auto-travel button 
302 at panel 120. If so, entry is made to an operation 
block 908 to initiate the automatic travel of the unit 
30 by operation of the drive motors. 

The no exits from question blocks 904 and 906 both 
go to the return 910. 

Entry is made to the return 910 from each of 
operation blocks 848, 852, 856, 860, 864, 868, 872, 876, 
880, 884, 888, 892, 898, 902 and 908. 

Describing the operation of the CPU type 3 
microprocessor control unit in general, referring to 
FIGURE 22, the system scans through each of the status 
bits for the functions listed in the question blocks. 
If there is no changed status bit, the system cycles 
through to the return 910 and starts the operation over 
again. But, when the weld operation has been enabled, 
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by either of the operation blocks 852 or 856 and the 
weld start button 306 has been depressed, the clockwise 
or counterclockwise weld passes are initiated. 
The code for FIGURE 22 is listed below. 

/* 

DANAL3.C 

*/ 

extern char *PIEBUEEER; 

extern char turnon ( ) ; 
extern char turnof f ( ) ; 
extern char local_status []; 
extern char processed_status []; 
extern char changed_status [J; 
extern int bg_analogs []; 

# include <danal.def> 
♦include <input3 .def > 

/* WCRK VALUES */ 

extern char ^pointer; 

extern unsigned char mode_reading; 

extern char mode; 

extern char currentrode; 

void danal3 ( ) 
C 

char i; 

char status jnask; 

/* Get the current status reading for the CPU */ 

pointer = PIBBUEEER; /* Address PIB buffer */ 

localjstatus [0] = ^pointer; /* get status byte 1 */ ■ 

local_status [1] = ^pointer; /* get status byte 2 */ 
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void cpu3 jnode () 
{ 

switch (mode) 
{ 

case 1: /* Auto Travel */ 

if ( current jnode == 6) 

turnoff (&REARJ3H3ESJRET) ; 
else if (airreotjnode — 2) /* if front shoes ext. */ 

turnoff (&HOJT_Si£ES); 
break; 

case 2: /* Eront Shoes */ 

if (current jnode = 1) 

{ 

turnoff (MRAVE3L_EWD); 

turnoff (&EAST__TRAVEL) ; 

turnoff ( &AIJIO JTE^VEL_LAMP ) ; 
/* Before turning on the front shoes, insure that the 
aligners up signal is not on. */ 
if (systemstatus & aligners jap) 

showerror (operr203); 
else 

turnon (&HOfP_SHCES) ; 

} 

else if (currentmode = 3) 
turnoff (&CWJ3AS); 

else 

shcwerror (operr214); 
break; 

case 3: /* CW weld */ 

if (current jnode == 2) 

{ 

turnon (&CWJ3AS) ; 
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} 

else if (current jnode — 4) 
{ 

turnoff (MOWjaS); 
turnon (SCWJ3AS); 

) 



showerror (operr214); 
break; 

10 case 4: /* OCW Weld */ 

if (current jnode = 3) 

( 

if ( ( systems tatus & cwjwelding) = 0) 
C 

15 turnoff (&CWJ3AS); 

turnon (fiCCWjSAS); 

) 

else 

showerror (pperr220); 

20 } 

else if (current jnode — 5) 

{ 

txcndoff ( rotate Jx>_home ) ; /* TUrn off rotate to heme cxmnand */ 
turnon (&OOTJ3AS); 
25 } 
else 

shewerror (operr214) ; 
break; 

case 5: /* Causes the ring to rotate to the hone position. */ 

30 if (current jnode == 4) 

{ 

turnoff (&OCWJ3AS); 
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if ( (systemstatus & afchcne) 

position */ 

txcndon (rotate_to_hcme); 
break; 
5 } 

else if ( current jrode = 6) 

{ 

if ((systemstatus & atjxme) 

*/ 

10 txcndon (rotate_to_hcxnB); 

ccnmand*/ 

turnon (&HOJTJSH3ES); 
turnoff (&REARJSBCES_RBT) ; 

} 

15 else 

showerror (qperr214); 

break; 

case 6: /* Eront and Rear Shoe Retract */ 

if (cxirrentjrode = 5) 
20 { 

txordoff (rotatejtojiame); /* TUrn off rotate to hare ccnmand */ 
turnoff (&BR0NT_SEEES) ; 
turnon (&REAR_SH^S_RET) ; 
) 

25 else if ( current jnode = 1) 

C 

turnoff (MRAVEL_EWD); 
turnoff (&EASTIRAVEL) ; 
turnoff (fiAL7IO_raAVEL_LAMP) ; 
30 } 
else 

showerror (operr214); 
break; 



PCT/US90/00021 

— 0) /* if not at the hone 
/* Send rotation contend */ 

— 0) /* if not at the hone position 
/* TUrn on rotate to heme 
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default: 

showerror (operr216); 

} 

) /* end of cpu3jrode */ 



/* Compare the Internal Welder Input3.def local_status [0] byte with */ 

/* the present version of the processedjstatus [0] byte. If */ 

/* local_status [0] varies f ran processedjstatus [0], update */ 

/* processedjsrtatus [0] by invoking the ap p r opriate routine(s). */ 



/* Lode at the reach rod control panel signals. */ 
if (processed_status [0] != localjstatus [0] ) 

{ 

changedjstatus [0] = processedjstatus [0] A lcx^l_status [0]; 
if (changedjstatus [0] & CW_FOTAIE_PB) 

c±gjcw_rotatejpb (); 
if (changed_status [0] & GDW_ROTAIE_FB ) 

chgjccw__rotate_pb ( ); 
if (changed_status [0] & HXDJDOTFB) 

chgjioldjcutjpb (); 
if (changed_status [0] & VOKEJL_ENABLE) 

c±gjvire_ljenable (); 
if ( changed jstatus [0] & WIRE_2_JNABLE) 

c±gjwire_2jenable (); 
if (changed_status [1] & f n&VEL_EWDJES) 

chg__travel_fwd_ts (); 
if (changed_status [1] & TRAVEL JR^JTS) 

chg_travel_rev__ts (); 
if ( changed jstatus [0] & ARCJTEST_PB) 

chg_arc_testjpb ( ) ; 
) /* end of digital status [0] change process */ 



/* look at the remaining reach rod control panel signals. */ 
if ( processed_status [1] != localjstatus [1]) 
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C 

/* Isolate those bits where status [1] has changed. */ 
changedjstatus [1] ■ processed_status [1] A lcxaljstatus [1] ; 

if (changedjstatus [0] & V3EEjD_START_PB ) 
5 { 

if (lcxal_status [0] & WEfl^JSTMO^PB) /* If the bit is now on, */ 
C 

if ( current jrode «* 3) /* Test to see what mode we are in */ 
txcndan (ow_weld) ; 
10 else 

{ 

if (airrentjrode == 4) 
txaidcn (ccwjweld); 
else 

15 showjerror (qperr217); /* EKRCR - Not mode 3 or 4 */ 

} 

} 

/* however, if the bit is now off , */ 
else 

20 { 

/* Test to see what mode we are in */ 
if (cxirrentjnode = 3} 
txcmdoff (owrweld); 
else 

25 { 

if (airrentmode = 4) 
txcmdoff (ccvrweld); 
else 

showjerror (operr217); /* ERRCR - Not node 3 or 4 */ 
30 } 

processedjstatus [0] = processedjstatus [0] 
& andnot (WELDJ5TAKT_EB) ; 

} 

} /* end of chgjweldjstart_pb */ 
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if (changed_status [0] & AIITOJIEAVEL_FB ) 
{ 

/* If the bit is now on, */ 

if (localjstatus [0] & AITIDJII^VELPB) 

C 

if ( (systemstatus & pipe) 0) 

showjerror (qperr204); 
else 
{ 

if (currentmode == l) 
( 

turnon (&IRAVEL_EWD); 
turnon (&E2STJIRAVEL) ; 
turnon (SJWOJZ&VELJJWP) ; 

} 

else 

showjerror (pperr205); /* not In the autotravel position 
} 

processed_status [0] « processed_status [0] | AUIDJIRfiVEL_EB ; 
} 

/* however, if the bit is now off, */ 
else 

processed_status [0] = processed_status [0] 
& andnot (MJTO_TRAVEL_FB) ; 
} /* end of chg_auto_traveljpb */ 

} /* end of digital status [1] change process */ 

} /* end of danal3 */ 

The operation for a type 4 microprocessor control 
unit is shown in FIGURE 23. In the present embodiment, 
the type 4 CPU, control unit 98 performs only a receive 
function and produces an analog signal for controlling 
the power supply 104. Therefore this operation is 
executed only in response to a communication interrupt, 
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that is, when the control unit receives a transmission 
of a digitized arc voltage sample via the communication 
link 102. A start 911 leads to a return 912 which 
returns operation to block 700 in FIGURE 19. 

FIGURE 24 illustrates a communication interrupt 
operation which is carried out in any of the control 
units upon receipt of a transmission to the control unit 
from the link 100. Upon receipt of a communication 
interrupt 913, an operation corresponding the received 
communication is carried out, for example, as shown in 
operation block 914. These examples are turn on motor, 
activate solenoid, read status bit, etc. 

The corresponding code listings for FIGURE 24 as 
follows . 
/* 

DANAL4.C 

*/ 

void danal4 ( ) 
{ 

} 

The interrupt routine shown in FIGURE 24 is written 
in assembly language. 

Referring to FIGURE 25, there is illustrated an 
expansion of the welding system shown in FIGURE 1. In 
addition to the equipment shown in FIGURE 1, there is 
included an external welder 916, as described in USPNs 
3, 718 f 798 to Randolph et al which issued on Feb. 27, 
1973 and 3,806,694 to Nelson et al. which issued on Apr. 
23, 1974, both of which are incorporated herein by 
reference. Welder 916 is provided with a microprocessor 
control unit 918 which is connected to the communication 
link 100. The unit 918 includes a CPU card 202 , a power 
card 204, an analog input card 210, an encoder motor 
card 214 and a dual EMF motor card 216. These are the 
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cards necessary to automatically control the operation 
of the external welder 916. This welder likewise has an 
encoder on the drive motor to indicate the position of 
the welder. 

The external welder 916 includes a drive assembly 
919 which is mounted on a track 921 that encircles and 
is clamped to the pipe joint 33. The drive assembly 919 
is controlled by the microprocessor control unit 918 for 
positioning the welder 916 along the gap at the junction 
of the pipe joints 32 and 33. Representative welders 
which can perform this function are shown in U.S.P.N.s 
3,193,656 to Bell et al. which issued on July 6, 1965, 
3,974,356 to Nelson et al. which issued on August 10, 
1976, 4,151,395 to Kushner et al. which issued on April 
24, 1979, and each of these patents is incorporated 
herein by reference. 

The parameters for the automatic welding operations 
described above are set into the control system via a 
hand-held terminal 920 which is connected to the RS232 
port of any of the microprocessor control units. 
Parameters are entered through terminal 920 and are 
stored in a parameter file in the memory for the 
microprocessor. The same file is maintained in all of 
the control units 92, 94, 96, 98 and 918. When one 
microprocessor receives an update or change, the 
modified file is transmitted via the link 100 to all of 
the other control units so that all parameter files 
remain the same. The parameters which are entered via 
the terminal 920 include the desired initial and final 
travel speeds for the internal and external welders, the 
initial and final wire feed speeds, the initial and 
final arc voltages and the incremental rates of change 
for each of these parameters. 
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A selected embodiment of the terminal 920 is a "Q- 
Term" terminal which is made by QSI Corporation located 
in Logan , Utah. 

The system shown in FIGURE 25 further includes a 
5 computer 922 which has a screen 924 , a keyboard 926 and 

a printer 928. The computer 922 is connected to the 
communication link 100. With this connection , an 
operator at the computer 922 can monitor or control all 
of the operations being carried out by the welding 

10 control system. One particular application for the 

computer 922 is to monitor and record the parameters for 
each weld produced by the internal and external welders. 
These parameters can include time of weld, duration , arc 
voltage, joint location and any other parameters which 

15 it is desired to monitor. Such a record of the welds 

can serve as a quality control monitor and a reference 
for future use should a review of each weld be needed. 

The operation of the external welder 916 can be 
coordinated with that of the internal welders to improve 

20 quality and productivity. Through the communication 

link 100, the external welder can follow the welding 
position of the corresponding internal welder so that 
the external welder is working in the heat produced by 
the internal welder. Multiple external welders, such as 

25 916, may be used such as one external welder for each 

internal welder. All of these operations can be 
coordinated through the welding control system described 
herein. 

Additional microprocessor control units can be 
30 added to the welding control system described above by 

attachment to the communication link 100. These added 
units can provide processing power for calculations, 
mechanical control, operator inputs and data collection. 
Referring to FIGURE 26 there is illustrated a rack* 
35 welding system 940 which utilizes the present invention. 



This system includes an internal welder unit 942 , as 
shown in FIGURE 1 and a group of external welders 944 , 
946, 948 and 950/ each of which corresponds to the 
external welder 916 shown in FIGURE 25. The external 
welders 944, 946, 948 and 950 have respective 
microprocessor control units 945, 947, 949 and 951. 
Each of these microprocessor control units is connected 
to control the functions of the corresponding external 
welder . 

The system 940 is shown working with three pipe 
joints 952, 954 and 956. These pipe joints are 
supported by a series of roller supports, such as 
support 958. 

System 940 includes welding stations 960 and 962. 
Station 960 includes a support frame assembly 964 which 
includes a .track 966. A drive assembly 968 is mounted 
for travel along track 966 and includes a motor for 
rotating a ring 970 which supports the external welders 
944 and 946. A microprocessor control unit 972 is 
mounted on the drive assembly 968 for controlling the 
motors therein. The communication link 100 and power 
lines 102 are likewise connected to the microprocessor 
control unit 972. This control unit is similar to the 
previously described microprocessor control units 92 , 
94, 96 and 98. In response to commands received through 
the communication link 100 , the drive assembly 968 is 
activated to position the external welders 944 
longitudinally along the pipe joint 956 and rotationally 
in the proper position about the pipe joint 956. The 
assembly also functions to rotate the external welders 
944 and 946 about the pipe joint 956. 

Welding station 962 likewise has a frame assembly 
980 which has a track 982. A drive assembly 984 is 
mounted on the track 982 and includes a motor for 
positioning the assembly 984 along the track 982. Drive 
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assembly 984 further includes a drive motor for rotating 
a ring 986 which supports the external welders 948 and 
950. A microprocessor control unit 988 is mounted on 
the drive assembly 984 for controlling the motors 
therein. The control unit 988 is likewise connected to 
the communication link 100 and the power lines 102. The 
microprocessor control unit 988 is similar to the above 
described microprocessor control units 92 , 94, 96 and 
98. 

The control system for the rack welding system 940 
includes the same features as described above in 
reference to FIGURE 17. The travel speed, arc voltage 
and wire speed for each of the internal and external 
welders can be controlled to provide high speed welding. 
Welding operations can be carried out by extending the 
above-described control system to include the external 
welders and the drive assemblies 968 and 984 which 
position the external welders. In a typical operation, 
the internal welder unit 942 provides the necessary 
internal welding passes at the junction of pipe joints 
952 and 954 while the external welders 948 and 950 
provide the initial pass or passes for the external 
weld. Concurrently, the external welders 944 and 946 
are providing the final external weld passes at the 
junction of the joints 954 and 956. 

Once these operations have been completed, the pipe 
joints are moved to the left one joint length so that 
the sequence of operations can be repeated. At the 
second setup, the external welders 944 and 946 provide 
all of the necessary additional external passes to 
complete the external weld at the junction of joints 952 
and 954. Concurrently, the external welders 948 and 950 
are providing the initial external passes for the next 
joint while the internal welder 942 is providing the 
internal weld passes at the new pipe junction. 



The internal welder 942 operation can be 
coordinated with that of the external welders 948 and 
950 , in position , to have the external welders working 
into the heat created by the internal welders. This 
coordination can provide an improved joint and can 
enhance the speed of operation for the overall welding 
procedure. 

In summary, the present invention is a method of 
welding operation which provides a relatively slow, but 
highly reliable start followed by a high speed welding 
pass with increased welder travel speed, faster wire 
feed speed and possibly increased arc voltage. 

The terminal 920 is used for setting initial 
conditions for a large number of pipeline welds and is 
not typically connected during routine operations. The 
computer 922 can be used for monitoring or operating any 
of the functions within the system 940. It can further 
be used to make a record of all welds for quality 
control and record keeping. 

Although one embodiment of the invention has been 
illustrated in the accompanying drawings and described 
in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the 
embodiment disclosed, but is capable of numerous 
rearrangements, modifications and substitutions without 
departing from the scope of the invention. 
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WHAT WE CLAIM IS: 

1. A method for welding together two workpieces 
which are butted together and have a gap at the junction 
of the workpieces , the welding performed by use of a 
welder which travels along the gap and provides an arc 
through a feed wire supplied into the gap, the method 
comprising the steps of: 

establishing for said gap a start point for a weld 
and a stop point for the weld, 

positioning said welder along said gap to said 
start point, 

starting the feed of said wire into said gap and 
initiating said arc in said gap when said welder is at 
said start point, 

increasing the travel speed of said welder from a 
first travel speed at said start point to a second, 
higher travel speed along said gap, 

after the initiation of said arc, increasing the 
speed of said wire into said gap until said wire speed 
reaches a preselected rate, and 

moving said welder along said gap at said second 
travel speed toward said stop point on said gap. 

2. A method for welding as recited in Claim 1 
including the steps of reducing both the travel speed of 
said welder and said wire speed as said welder 
approaches said stop point so that said travel speed and 
wire speed are zero when said welder is at said stop 
point on said gap. 



3. A method for welding as recited in Claim 1 
wherein said first travel speed for said welder is zero. 
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4. A method for welding as recited in Claim 1 
wherein said first travel speed for said welder is 
greater than zero and said welder is traveling in the 
direction from said start point toward said stop point. 

5. A method for welding as recited in Claim 1 
including the step of initiating said arc at a first 
voltage and increasing the voltage of said arc from said 
first voltage to a second voltage during a time 
essentially corresponding to the time that said welder 
increases travel speed from said first travel speed to 
said second travel speed. 
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6. A method for welding together two workpieces 
which are butted together and have a gap at the junction 
of the workpieces , the welding performed by use of a 
welder which travels along the gap and provides an arc 
through a feed wire supplied into the gap, the method 
comprising the steps of: 

establishing for said gap a start point for a weld 
and a stop point for the weld, 

moving said welder along said gap at a first travel 
speed when said welder passes said start point, 

starting the feed of said wire into said gap and 
initiating said arc in said gap when said welder passes 
said start point, 

increasing the travel speed of said welder from 
said first travel speed at said start point to a second 
travel speed along said gap, 

after the initiation of said arc, increasing the 
speed of said wire into said gap until said wire speed 
reaches a preselected rate, and 

moving said welder along said gap at said second 
travel speed toward said stop point on said gap. 

7. A method for welding as recited in Claim 6 
including the steps of reducing both the travel speed of 
said welder and said wire speed as said welder 
approaches said stop point so that said travel speed and 
wire speed are zero when said welder is at said stop 
point on said gap. 
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8. A method for welding as recited in Claim 6 
including the step of initiating said arc at a first 
voltage and increasing the voltage of said arc from said 
first voltage to a second voltage during a time 
essentially corresponding to the time that said welder 
increases speed from said first travel speed to said 
second travel speed. 
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9. A method for welding together two workpieces 
which are butted together and have a gap at the junction 
of the workpieces, the welding performed by use of a 
welder which travels along the gap and provides an arc 
through a feed wire supplied into the gap, the method 
comprising the steps of: 

establishing for said gap a start point for a weld 
and a stop point for the weld, 

moving said welder along said gap at a first travel 
speed when said welder passes said start point, 

starting the feed of said wire into said gap at a 
first wire speed and initiating said arc in said gap at 
a first voltage when said welder passes said start 
point, 

increasing the travel speed of said welder from 
said first travel speed at said start point to a second 
travel speed along said gap, 

currently with the step of increasing the travel 
speed of said welder, increasing the speed of said wire 
into said gap from said first wire speed to a second 
wire speed and increasing said arc voltage from said 
first voltage to a second voltage, 

moving said welder along said gap at said second 
travel speed toward said stop point on said gap while 
maintaining said second wire speed and said second 
voltage, and 

reducing the travel speed of said welder, said wire 
speed and said arc voltage as said welder approaches 
said stop point so that said travel speed, said wire 
speed and said arc voltage are zero when said welder is 
at said stop point on said gap. 
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AMENDED CLAIMS 

[received by the International Bureau on 29 April 1991 (29.04 91 > 
original claims 1-9 replaced by amended claims 1-4 (3 pages)] ' 



1. A method for welding together two workpieces which 
are butted together and have a gap at the junction of the 
workpieces, the welding performed by use of a welder which 
travels along the gap and provides an arc through a feed 
wire supplied to the gap, the method comprising the steps 
of: 

establishing with respect to said gap a start point for 
a weld and a stop point for the weld, 

moving said welder along said gap at a first travel 
speed when said welder passes through said start point, and 
thereafter, 

starting the feed of said wire to said gap and 
initiating said arc at said gap when said welder passes 
through said start point, 

increasing the travel speed of said welder from a first 
travel speed at said start point to a second travel speed 
along said gap, 

after the initiation of said arc, increasing the speed 
of said wire to said gap until said wire speed reaches a 
preselected speed, and 

moving said welder along said gap at said second travel 
speed toward said stop point. 

2. A method for welding as recited in Claim l 
including the steps of reducing both the travel speed of 
said welder and said wire speed as said welder approaches 
said stop point so that said travel speed and wire speed are 
zero when said welder is at said stop point on said gap. 
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3. A method for welding as recited in Claim 1 
including the step of initiating said arc at a first voltage 
and increasing the voltage of said arc from said first 
voltage to a second voltage during a time essentially 
corresponding to the time that said welder increases speed 
from said first travel speed to said second travel speed. 

4. A method for welding together two workpieces which 
are butted together and have a gap at the junction of the 
workpieces, the welding performed by use of a welder which 
travels along the gap and provides an arc through a feed 
wire supplied to the gap, the method comprising the steps 
of: 

establishing with respect to said gap a start point for 
a weld and a stop point for the weld, 

moving said welder along said gap at a first travel 
speed when said welder passes said start point, and 
thereafter, 

starting the feed of said wire to said gap at a first 
wire speed and initiating said arc at said gap at a first 
voltage when said welder passes said start point, 

increasing the travel speed of said welder from said 
first travel speed at said start point to a second travel 
speed along said gap, 

concurrently with the step of increasing the travel 
speed of said welder, increasing the speed of said wire fed 
to said gap from said first wire speed to a second wire 
speed and increasing said arc voltage from said first 
voltage to a second voltage, 
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moving said welder along said gap at said second travel 
speed toward said stop point while maintaining said second 
wire speed and said second voltage, and 

reducing the travel speed of said welder , said wire 
speed and said arc voltage as said welder approaches said 
stop point so that said travel speed, said wire speed and 
said arc voltage are zero when said welder is at said stop 
point on said gap. 
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